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IN T R O D U C T IO N
F. J.  Sievers, D irector
The  last  ha lf  c en tu ry  has seen vast p rogress  in all lines of  industr ia l  
developm ent and this applies with special significance to agr icu ltu re .  Many 
a g r icu ltu ra l  pract ices ,  still in the  exper im en ta l  s tage  no m ore  than  a  few 
decades ago, a re  now so comm only  accep ted  t h a t  they  have been in t ro ­
duced into every  day fa rm  use. The more general  in t ro d u c t io n  of scien­
tific m ethods into various phases of in dus try  fo r  pu rposes  of g rea te r  
efficiency and service has m ade  necessary  p ro n o u n c ed  re ad ju s tm e n ts  of 
fo rm er ly  well established practices.  Such modifications no t  in frequen tly  
resu lt  in t e m p o ra ry  hardships,  the degree  of which is more or less p ro ­
por t iona l  to the  rap id i ty  with which these  ad ju s tm e n ts  a re  made. Changes 
in a g r icu ltu ra l  p ract ices  have been very p ro n o u n ced  since the  world  war, 
an d  the  hardsh ips  which may be re fe r re d  to as “ g row ing  p a in s” have 
been especially evident  d u r in g  these las t  several years. D ras t ic  r e ad ju s t ­
m ents  in an in dus try  as decidedly basic as ag r icu ltu re  can n o t  help but 
be felt  in most  o ther  activit ies, and  as a resu lt  have the ir  effect on the 
social and  economic life o f  the en ti re  consum ing  public.
The  changes t h a t  ag r ic u l tu re  has unde rg o n e  in recen t  years  can be 
r a th e r  definitely associated  with some very  in te res t ing  social and econom ­
ic ad jus tm en ts .
They are  m ak in g  it  no longer necessary to fa rm  much of the  m arginal  
land  which in the past ,  even a t  its best , was unab le  to supply m ore  than  
the  ba re  necessities of  life fo r  the  im m edia te  fa rm e r  and  his family.
They  are  hav ing  a p ro n o u n ced  effect on the occupation  of the m arginal  
f a rm e r  who, due to a lack of in te res t  or  abil ity , is no t  keep ing  pace  with 
the new developm ents  and  as a result  can no longer p roduce  agr icu ltu ra l  
p ro d u c ts  a t  a figure t h a t  assures the  ne t  profit  requ ired  fo r  a sa t is fac to ry  
living.
They are  re leas ing  fo r  use in o ther  industr ia l  fields a large  am o u n t  of 
lab o r  whose service, because o f  m ore  efficient pract ice ,  is no longer  re ­
qu ired  in ag r ic u l tu ra l  p roduction .
They  have, because of increased com petit ion ,  e n couraged  m ore  tho rough  
considera tion  of con su m er’s d em and  which has resu l ted  in a m ore  ade­
qua te  supply  o f  high qua li ty  ag r ic u l tu ra l  p roduc ts .
They  a re  m ak in g  f a rm  life m ore  a t t rac t iv e  th ro u g h  the  in troduc t ion  
of m achinery  as a  su b s t i tu te  fo r  hand  labor,  thus  e l im ina ting  much of 
the  fo rm e r  d rudgery .
They  are  g rad u a l ly  decreas ing  the  destruct ive  competit ion  in ag r icu l­
tu re  t h a t  comes from  the f a rm e r  who unknowingly  p roduces  m an y  p roduc ts  
a t  an actual  loss. The  g re a te r  complexity  in the in d u s t ry  to d ay  is e limin­
a t in g  the  f a rm e r  who is no t  willing o r  able to keep the requ ired  accounts  
a n d  records showing cost of  p roduction .
They are in tens ify ing  fa rm  w ork  to the  po in t  where  i t  requires  less t im e 
to p e r fo rm  a day 's labor  th an  fo rm erly ,  thus  m ak ing  fa rm  life more
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desirable  by p rov id ing  m ore  t ime fo r  leisure and  g re a te r  o p p o r tu n it ie s  
fo r  recreation .
They are d em and ing  a  b e t te r  equ ipped  and  m ore  in te l ligent  ru ra l  p o p u ­
lation because the effective applicat ion  of m odern  scientific developm ents  
to ag r icu ltu ra l  p rac t ice  can utilize to ad v an tag e  the best p rep a ra t io n  th a t  
o u r  educa tiona l  in s t i tu t ions  can supply.
Since these and m any  o th e r  changes or t r a n s fo rm a t io n s  in o u r  social 
and industr ia l  life have taken  place d u r in g  the period  t h a t  a g r icu ltu ra l  
experim ent s taPo n s  have been in exis tence, and since these ins t i tu t ions  
were p r im ari ly  established to furn ish  the consum ing  public  with a more 
a b u n d an t  and sa t is fac to ry  supply  of l ife’s essentials,  it is reasonab le  t h a t  
the experim en t  s ta tions should  be given a t  least  a considerable  p o r t ion  of 
the c redit  fo r  the  results .
l'liat the M assachusetts  A gricu ltu ra l  E x p er im en t  S ta t ion  has played a 
p ro m in en t  p a r t  in this field is evidenced by the results  of  its findings as 
published from  time to t im e in bulle tins, in scientific and technical .jour­
nals, and in D irec to r 's  reports .  This rep o r t  shows the  p rogress  m ade  d u r ­
ing the last  tw o-year  per iod  on those  p ro jec ts  th a t  have been actively 
pursued.
Research  w ork in ag r ic u l tu ra l  economics, 1926-28, has been conducted  
a long three  genera l  lines, one deal ing  with the  tax a t io n  of fa rm  p ro p e rty ,  
one with pa r t - t im e  fa rm ing ,  and  the  th i rd  with economic prob lem s of food 
production  and d is tr ibution .
Taxation  of F a r m  P ro p e r ty .  ( H u b e r t  W. Y o u n t ) .  This p ro je c t  was 
un d e r tak en  to discover the  im p o r ta n t  fac ts  re la t ing  to  fa rm  taxes  and 
public expenditu res  i„ the Sta te .  T he  s tu d y  was divided in to  two p a r ts  
and the first  p a r t ,  r e la t ing  to assessment p rac t ice  and tax a t io n  prob lem s 
or: the individual fa rm ,  was published in 1927 as Bulletin  235, “ F a rm  
Taxes and Assessments in M assachuse t ts” . In this s tu d y  inequalit ies  in 
assessments were analyzed and  cer ta in  remedies were p roposed
D E P A R T M E N T  O F  A G R IC U L T U R A L  E C O N O M IC S
A lex an d e r  E. Cance  in Charge
were visueu in tins d istr ic t ,  and  the 
tabu la ted .
;»nd the materia l
‘ l lr) p a r t - t im e  f a rm ers  
assembled is now being
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At p re sen t  a similar investigation is being car r ied  on in the vicinity  
of T au n to n  and Fall  River. B efore  the completion o f  this p ro jec t  it is 
p lanned  to inves tiga te  also the conditions of p a r t - t im e  f a rm in g  a round  
W orces te r  or  Fitchburg .
Competitive  Fac to rs  In fluencing the Supply  of M arke t  Milk and  Cream  
in Massachusetts .  (R. J .  M cFall1). “ A Study  of the  Milk Supply  in 
M assachuse tts” , published as Bulle tin  236, is divided into th ree  sections. 
The  first  gives the requ irem en ts  fo r  the S ta te ,  and local and outside  sup­
plies which meet them. The second, tak in g  Springfield as a  typical urban 
district ,  shows the am o u n t  consumed there ,  and the area  d raw n upon to 
supply  this demand. The th i rd  discusses the ex ten t  to which the milk p ro ­
duction of M assachuse tts  depends upon feed from  outside sources.
“ Tendencies in Milk Produc t ion  in M assachusetts ,”  unpublished, in­
cludes sta tis t ics  of the recen t  changes in num bers  o f  cows, in yield per 
cow, and in milk p roduction .  The industry  appears  to be on a sound 
basis. Its g re a te s t  developm ent has been in sections of the most dense 
hum an  fa rm  populat ion .
The Consum er D em and for  Apples. (L orian  P. Je ffe rson) .  The first 
p a r t  of this p ro jec t ,  a lready  published as Bulletin 243, is entit led,  “ The 
M cIntosh Apple  on the  New Y ork  M arke t .”
The second p a r t  o f  this p ro jec t  considers the d em and  from  the points 
of  view o f  dealers and consumers,  and in re la tion  to prices and wages. 
This is now ready  fo r  publication.
The th i rd  section, n o t  yet complete,  deals with  the competit ion of apples 
with o th e r  f ru i ts ,  and between the different varie ties  of  apples.
The  Econom ic  W o r th  of Different Variet ies  of  Apples.  (L orian  P. Je ffer­
son) .  This p ro je c t  has been un d e r  way fo r  two years and  it is p lanned to 
con tinue  it  fo r  a t  least  two years  more. It looks to obtain  definite in form ­
ation  as to which varie ties a re  most  profitable  fo r  the  Massachusetts 
grower.
The s tudy of eggs and p o u l try  comprises two sections. (1) The 
Supply  and  M a rk e t  D is tr ibu tion  of M assachuse tts  P o u l t ry  Products .  (H u ­
ber t  W. Y o u n t ) .  The  purpose  o f  this p ro jec t  is to analyze the  amount 
and quali ty  o f  M assachusetts  p o u l t ry  products ,  the m ark e tin g  m ethods used 
by p ou l trym en ,  and the n a tu re  and ex ten t  o f  the m a rk e t  dem and  for 
local p o u l try  products .  D a ta  have been collected to show the re la tive  im­
p o r tan ce  o f  various m a rk e t in g  methods,  to g e th e r  with the principal  de­
fects in the m ethods used. A port ion  of the  m ate ria l  has been summarized 
in a rticles  fo r  extension use and  a genera l  su m m ary  is being prepared  
fo r  publica tion  as a bulletin of the E x p er im en t  Sta tion.
A second p a r t  of  this p ro je c t  is concerned with the N a tu re  of Consum er 
D em and  for  P o u l t ry  P roduc ts .  (L orian  P. Je ffe rson) .  D a ta  a re  to be col­
lected from  reta il  s tores  and  from  consum ers in o rd e r  b e t t e r  to under­
s tand  consum ers’ b uy ing  habits.
(2) Prices of Eggs and  P o u l t ry  Products .  ( H u b e r t  W. Y o u n t ) .  This 
p ro jec t  is subdivided into th ree  par ts .  One is concerned with the  move­
m en t  o f  egg prices in Boston and aims to discover no rm al  p r ice  move­
ments,  the  long-time trend ,  seasonal varia tion ,  re la tions  between prices of 
different grades,  re la tions between fa rm ,  wholesale, jo b b in g  and retail  
prices.
1 T h is  p ro je c t whs su sp en d ed  w ith  th e  re s ig n a tio n  o f  R . J .  M cF all. I t  h a s  now  been
resu m e d  u n d e r  th e  le a d e rsh ip  o f A. E . C ance.
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The second p a r t  is a  s ta tis t ica l  analysis o f  fac to rs  e ffecting prices, using 
multiple  co rre la t ion  methods. The  re la tive  im p o r tan ce  o f  various supply  
a n d  dem and  fac to rs  has been de te rm ined ,  both  over  a period  of years,  
and fo r  different seasons.
The th i rd  p a r t  o f  the p ro je c t  is a s ta tis t ica l  analysis o f  the re la tion  
between egg quali ty  and price.
Pa r t s  one and two have been completed. P a r t  th ree  will be completed  
in 1929. It is expec ted  th a t  each p a r t  will be published se p a ra te ly  as an 
E x p e r im en t  S ta t io n  bulletin.
In addition to these organ ized  p ro jec ts ,  the d e p a r tm e n t  has been c o n ­
cerned with o ther  in te res ted  d e p a r tm e n ts  in s tudies defining the p re sen t  
economic position of var ious fa rm  en te rp r ises  in the Sta te .  Two of these 
studies have a lready  been published as extension bulle tins ,  “ Po ta to e s  in 
M assachusetts  F a rm  E co n o m y ” , and  “D a i ry  R ep lacem ents  in M assachu­
setts". Studies  a re  also un d e r  way  dealing  with onions, p o u l t ry  and c e r ­
tain o ther  aspects of  the d a iry  industry .
D E P A R T M E N T  O F  A G R O N O M Y
A. B. B eau m o n t  in Charge  
Tobacco Invest iga t ions
Cropping Systems. (.1. P. Jo n e s ) .  T he  o u t s tan d in g  resu lts  to da te  
a re :  (1) the fa i lu re  of  tobacco in ro ta t io n  with corn and hay, (2) lack of 
positive benefit  f rom  the use o f  t im othy,  rye  or red top  as cover c rops fo r  
tobacco, and (3) best yield and  qua li ty  ob ta in ed  with tobacco g row ing  
every year  on the same land.
The Influence of D ’fferent Crops on Yield  an d  Qua l i ty  of  Tobacco.
(.J. P. Jo n es) .  Corn and hay  have been m ost  de tr im en ta l ,  with po ta toes  
and onions the least . Tobacco a f te r  tobacco  has been in m ost  cases b e t te r  
than  a f te r  po ta toes  and  equal to t h a t  a f te r  onions.
F  eld S tudy  of Tobacco Pro d u c t io n  in M assachusetts .  (A. B. B eau m o n t) .  
D ata  collected from  232 tobacco fa rm s  su p p o r te d  findings a t  the  S ta t ion  
re ’at.ve to soil m an a g em e n t  and  c ropp ing  systems.  F o r  example,  i t  was 
found th a t  tobacco grown continuously  yielded b e t te r  th an  tobacco in 
ro ta t ion ,  th a t  cover c rops were s lightly  de tr im en ta l ,  and  th a t  lime and 
ashes reduced yields.
The Effects of  High Applica t ions of Acid Pho sp h a te  on Tobacco. (J .  P.
Jo n es) .  Ind ica tions a re  th a t ,  on land  growing  p oor  tobacco even though  
well fertilized, ra th e r  heavy applicat ions of acid p hospha te  will improve  the 
yield and quali ty  of  tobacco.
The A m o u n t  of N i t rogen  Usually  R equired  to G row  T obacco  Success­
fully. (J.  P. Jo n es) .  The results  indica te  th a t  f rom  150 to 200 pounds 
of nitrogen per  acre  are necessary  fo r  sa t is fac to ry  g row th  of tobacco.
The  Form  of N itrogen  W hich Produces  the Best Yield and  Q ua l i ty  of 
Tobacco. (A. B. B eau m o n t) .  Results of this  inves tiga tion  to da te  po in t  
s trongly  to the  conclusion t h a t  the  n i t r a te  fo rm  of n i trogen  is, am o n g  
many inorgan ic  and  organ ic  forms, the m ost  read ily  assim ila ted  by, and 
produces the  best qua li ty  of  H a v a n a  tobacco.
The Relat ion  of Form  of N it rogen  to R oo t- ro t  of  H av an a  Tobacco. 
(A. B. B eau m o n t) .  Evidence  thus  f a r  secured , n o t  conclusive, in ­
dicates th a t  the n i t ra te  form  o f  n i trogen  tends to c o u n te rac t  the  so- 
called brown ro o t - ro t  of H a v a n a  tobacco. A m m onium  com pounds  in low
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concen tra t ions  cause a  poor  ro o t  development often accompanied  by 
sym ptom s similar to b rown root-ro t.
The Effects of  Inorgan ic  and Organic  Toxins on Tobacco. (.). P. 
Jo n e s ) .  Studies thus f a r  have been with alum inum. The results under  
some conditions have indica ted  a lum inum  to be severely toxic, under  o thers  
less so. More work will be necessary un d e r  b e t te r  contro l led  conditions 
be fo re  the toxic ity  of  a luminum will be well understood.
Onion Investigations
The Role of O rgan ic  M a t te r  in the P roduc t ion  of Onions. (J.  P.
Jo n e s ) .  The first  p a r t  of this p ro je c t  has consisted of an effort  to grow 
onions in sand cu ltu res  deficient in organ ic  m atte r .  This has no t  proved 
possible, and fu r th e r  developm ent o f  technique  will be necessary before  
definite progress  m ay  be reported .  The second p a r t  of the p ro jec t  has 
been a s tudy of cover crops fo r  onions. Thus  fa r ,  no benefit to the onion 
crop  has been shown f rom  the use of e ither clovers or  grasses as a cover 
crop.
Lime in Relat ion  to Onion Grow th.  (J .  P. Jo n e s ) .  Applica t ions of 
lime have been shown to increase  the  yields of  onions very m arked ly  on 
acid soils. Much of the onion land  of the Valley  has been found to be 
acid, and upon a soil test,  recom m enda tions  to apply lime are being made 
quite  generally.
Com parison  of Fer t i l izers  C ontain ing Different A m oun ts  of  Nitrogen, 
Phosphoric  Acid and  Po tash  fo r  Onions. (J .  P. Jo n es) .  The ou ts tan d ­
ing result  has been the no tab le  response ob tained  with the fert i l izer  re la ­
tively high in phosphoric  acid and po tash— a 4-12-8.
O n ;on Breeding. (J .  P. Jo n e s ) .  N otab le  differences are a lready ap­
p ear in g  in some of the  s tra ins ,  bu t  the work is too young  to rep o r t  very 
definite results .
The Cause of a Chlorosis of  Corn. (J .  P. Jo n es) .  The da ta  show 
quite  conclusively t h a t  this chlorosis  of  corn is due to a lack of magnesium. 
I t  can be co rrec ted  by applicat ions of high m agnesian  lime and by m ag­
nesium sulfate .
The  Relative  Efficiency of Based and U nbased  Su lfa te  of  Am m onia  as 
C a r r ie r s  of  N i t rogen  .(A. B. B eau m o n t) .  It has been claimed th a t  the mixing 
o f  acid phospha te  and am m onium  sulfa te ,  and the cur ing  of the m ixture  
in s to rage ,  a process known to the t rad e  as “ basing",  p roduces a product  
su p e r io r  to the  unbased  materia ls .  Ex tensive  po t  tests have proved tha t  
there  is no ad v an tag e  from  this process so f a r  as p lan t  growth  is concerned.
A lfa lfa  Variet ies .  (A. B. B eau m o n t) .  One year 's  results  have shown 
th a t  cer ta in  s t ra in s  of  a lfa lfa  o r ig ina t ing  in sou thern  climates are not 
w in te r -h a rd y  in Massachusetts .  Thus f a r  no differences in hardiness a t­
t r ib u ta b le  to differential  fe rt i l izer  t r e a tm e n t  have been detected.
Ecological S tudy  of P a s tu re  Vegeta tion .  (A. B. B eaum ont) .  Striking 
changes in the c h a ra c te r  of p a s tu re  vegetation  have been secured  by top- 
dressings of lime, su perphospha te  and m u ria te  of potash. A weedy growth 
consis t ing  largely of cinquefoil  and moss has been replaced with white 
clover, blue grass  and redtop.
The  N it rogen  In tak e  of C erta in  Grasses and Clovers. (A. B. B eau m o n t) .  
The pu rpose  of this p ro jec t  is to secure fundam en ta l  da ta  on the n u t r i ­
tion of the most common grasses and clovers re la tive  to n i trogen. No 
conclusive results  have been obtained to date.
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D E P A R T M E N T  O F  B A C T E R IO L O G Y  AN D  P H Y S IO L O G Y
G. E. Gage  in C harge
N i t rogen-F ixa t ion  in Relation to Legum es and Non-legumes u n d e r  D e­
fined Agronom ic  Conditions. ( Jam es  lv  Fu l le r1). The p lan  followed has 
been to study  soils o f  d ifferent  units  to de te rm ine  the abili ty  of  these 
units to fix a tm ospheric  n i tro g en ;  to iso late  o rgan ism s f rom  the un i ts  and 
s tudy the d is tr ibu tion  of n i trogen-fix ing o rgan ism s as co m p a red  with the 
nitrogen-fix ing p ow er  of the soil un its ;  and  lastly to s tu d y  fa c to rs  which 
may influence the p resence and  activity  of  n i trogen-f ix ing o rgan ism s 
iso lated  in these studies.
The units ,  as suggested  above, were  ob ta in ed  by dividing the  exper i ­
m enta l  plot into tw e n ty - fo u r  units ,  so t r e a te d  as to  give the  fo llowing 
experim ental  conditions:
1. Units p lan ted  with legumes and receiv ing ferti l izer.
2. Units  p lan ted  with legumes bu t  no t  rece iv ing ferti l izer .
3. Units receiv ing fe rt i l izer  b u t  no t  p lan ted  with legumes.
4. Units n o t  receiving fe rt i l izer  and not p lan ted  with legumes.
The  ferti l izers used  were am m onium  sulfa te ,  sodium n i t ra te  o r  dry
g round  fish.
E ach  season, a f te r  the crops were harvested ,  n i trogen  d e te rm ina tions  
were m ade  on both soil and crop. I t  had  been expec ted  th a t  units  u n d e r  
No. 1 would show the h ighest  n i trogen  con ten t ,  un d e r  No. 4 the  low’est, 
and under  Nos. 2 and 3 som ewhere  between. How ever ,  the  results  have 
been inconsis tent.  I t  was assumed f rom  this t h a t  the  reason  m igh t  pos­
sibly be found  by m ak in g  a biological su rvey  of the  plo ts  to de te rm ine  
the possible influence o f  m icoorgan ism s on the  n i trogen  c o n ten t  o f  the 
soil.
The n itrogen-fixing pow er  of the soil units  has been de term ined .  An 
organism be longing to the genus A zo to b ac te r  has been iso la ted  a n d  desig­
na ted  as 9A. I t  has been found  to possess definite n i trogen-f ix ing pow7er 
and to be widely d is t r ibu ted  in the  plo t  un its  showing the g re a te s t  n i t ro ­
gen-fixing pow7er. O ther  o rgan ism s have been iso lated  and  studied, am ong  
them being several s tra ins  of  Actinomyces.  These A ctinom yces  exhibit  a 
tendency to use the  n i trogen fixed by A zo to b ac te r  9A and  o ther  s t ra ins  of  
A zotobac te r  when cu l tu red  with them  in a syn the tic  medium.
Studies a re  now7 un d e r  w ay  to de te rm ine  w h e th er  the  n itrogen-f ixa t ion  
in the different soil units  is con s tan t  and also to establish how7 u n ifo rm ly  
dis tr ibuted  in the units  is this new species A zo to b ac te r  9A. S tud ies  are 
also being m ade  of fac to rs  which influence the  p resence and ac t iv ity  of 
A zotobac ter  9A. These include hydrogen-ion  values of the soil, avai labi l­
i ty  of various c a rb o h y d ra te s  as sources of energy, and the  effect of  o rgan ic  
and inorganic  compounds.
I t  is hoped th a t  the da ta  accu m u la ted  in th is  s tudy  m ay  furnish  the  
basis of pract ica l  m ethods by which the n i trogen-f ix ing organ ism s naturally  
prevent in soil m ay  be s t im u la ted  to g re a te r  activity .
L ab o ra to ry  Service. (R a lph  L. F ra n c e ) .  This service w7as established 
Ju ly  1, 1928, for  the pu rpose  of supply ing  to the residents  o f  M assachuse tts  
in fo rm a t ion  concern ing  problem s of san i ta t ion  and bac ter io logy ;  of p r o ­
viding l ab o ra to ry  service fo r  the s tudy  and solution of bacterio logica l  
p rob lem s;  and of im proving  m ethods of analysis and procedure .
1 M r. F u lle r  to o k  ch a rg e  o f th e  w o rk  in  1928 ; p rev io u s  to  t h a t  t im e  i t  w as  c a rr ie d  
on by D r. Leon A. B rad ley .
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Prac tica l  and theore tica l  in fo rm at ion  has been dissem inated  by  letters  
and  d irectly  by personal  interviews. Talks and lectures are delivered 
upon request  o f  o rgan izat ions and  communities.  The following types of 
lab o ra to ry  service are offered to residents of  the  s ta te ,  a t  cost:
1. Bacteriological analyses of  food and  food products ,  milk and  milk 
p roduc ts ,  and  water .
2. Chemical analyses of milk a n d  water.
3. P re p a ra t io n  and d is tr ibution  of viable and  efficient cu ltu res  of 
nitrogen-fix ing b ac ter ia  fo r  legum inous crops.
1. Tes t ing  of nitrogen-fix ing b ac te r ia  fo r  quali ty.
5. B acterio logical  exam inations concern ing  sewage disposal.
6. B acterio logical  exam inations  of sw im m ing t a n k  w a ters  fo r  purity.
The  Service is b u t  in its infancy. However,  d u r in g  the  t ime of opera­
tion  some seven hun d red  exam inations  have been completed, and the vari­
ous types of analyses requested  to da te  ap p ea r  to ju s t i fy  the  establishment 
o f  the  work.
D E P A R T M E N T  O F  B O T A N Y  
A. V incen t  O sm un in Charge
T obacco  Diseases.  (W . L. D o ran ) .
B lack R oo t-R o t.  S tu d y  of soil reac tion  in re la tion  to recovery a f te r  
in fes ta t ion  with Thie lavia  has been continued on the Tillson F a rm  plots and 
in the  greenhouse.  In  1927, ne i the r  tobacco, a lfa lfa ,  nor  t im othy  removed 
enough  lime f rom  the  soil to increase  soil acidity. In 1928, limed plots 
(lime las t  applied  in 1923) on which t im o thy  or a lfa lfa  had been grown 
two years  were  n o t  as acid as similar plots on which tobacco had been 
grown. A p p a re n t ly  the  g row ing  of a lfa lfa  or  t im othy  is no t  to be re­
g a rd ed  as a cure  fo r  tobacco “ soil sickness” caused by too much lime 
and resu l t ing  in black roo t-ro t.
The  soil in limed plo ts  t r ea te d  with inocula ted  su lfu r  or sulfuric  and 
o r tho p h o sp h o r ic  acids had  p H  values of 5.6 to 5.8, while l imed plots not 
so t r e a te d  had  p H  values of 5.9 to 6.0. The sl ight increase in soil acidity 
was sufficient to reduce  the  infection of Thielavia. Only a  t race  of 
b lack  ro o t - ro t  was found  in 1927 on tobacco in limed plots to which acids 
were applied  in tw o  consecutive years.  R o o t- ro t  was severe on limed 
plo ts  n o t  acidified.
In 1928, the  l imed plots had p H  values of 6.01 to 6.10, which is favor­
able to b lack ro o t - ro t ;  unlim ed plots had 5.00 to 5.33, which is too acid for 
b lack roo t-ro t .  I t  is evident  t h a t  the soil m ade  “ tobacco sick” with black 
ro o t - ro t  because  o f  too generous  l iming m ay  requ ire  as long as six years 
to re tu rn  to  an acid condition  u n favorab le  to black root-rot.
T em p e ra tu re  ta n k  records in 1926 indicate  th a t  in soil with a p H  value 
o f  5.9, b lack ro o t - ro t  m ay  be severe a t  soil t em p era tu res  below 75°F. 
Above this t e m p e ra tu re  black roo t- ro t  is not of consequence. In 1927 
and  1928, soil tem p e ra tu re s  in a l imed plot on the Tillson F a rm  were 
genera lly  low enough to favor  infection of tobacco by Thielavia.
Tobacco on limed soil acidified in two successive years by  t r e a tm e n t  
with su l fu r  or  su lfu r ic  acid and orthophosphoric  acid was relatively 
free  f rom  black roo t-ro t.  This was t ru e  also on limed soil t r e a te d  with 
acetic  acid,  b u t  acetic acid does not p e rm anen t ly  change the  reac tion  of 
the soil and  hence the effect would seem to be due to disinfection by the 
acid ra th e r  than  to change in the p H  value o f  the soil
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Acetic  acid used as a  soil d is in fec tan t  in tobacco  seed-beds in fes ted  with 
Thie lavia  and “ damping-off” fungi  lias given excellent results .  This t r e a t ­
m ent has been applied  to  a nu m b er  o f  comm ercial  beds a n d  considerable  
da ta  should be available  in 1929.
As a coro llary  o f  this f e a tu re  o f  the  work, acetic  acid was t r ied  as a 
soil d is in fec tan t  fo r  the con tro l  of damping-off  of red pine seedlings in a 
fo res t  nursery .  Very  p rom is ing  results were  obtained.
Both monochlorace tic  acid and  fo rm ic  acid failed to p re v en t  in fec tion  of 
tobacco by Thielavia.
Yield of tobacco on limed plo ts  was much less than  on s im ila r  plots 
which had been acidified by e ithe r  su l fu r  o r  su lfur ic  and  o r thophos-  
phoric  acids.
Phosphoric acid alone was found  to favor  b lack ro o t- ro t  as does lime. 
Since both of these substances are known to inac t iva te  a lum inum  in acid 
soils experim ents  have been u n d e r tak en  to de te rm ine  w h e th er  a lum inum  
may be in p a r t  responsible fo r  the  inhib i t ion  o f  Thielavia  in acid soils.
Lot experim ents  were conducted  d u r in g  the  w in te r  of 1926-1927 to 
de term ine  the effect of  lime on tobacco  in the absence of Thielavia. 
Lime in the p resence  of Thie lavia  was assoc ia ted  with a loss in yield of 
tobacco ;  lime in the absence of Thie lavia  was assoc ia ted  with a decided 
gain, which indicates  t h a t  lime in the absence of T h ie lav ia  is beneficial to 
tobacco.
In experim ents  conducted  to de te rm ine  the  effect of  soil t e m p e ra tu re  
on the response of tobacco  to lime in the  absence of Thielavia,  i t  was 
found th a t  the g re a te s t  benefit f rom  lime was a t  soil t e m p e ra tu re s  of  24° 
to 30°C. A t  soil t e m p e ra tu re s  of 20° to 15°C. lime actual ly  re ta rd e d  
growth  of tobacco.
On the basis of  the  so r t ing  reco rd  and b u rn  tes ts  of the  tobacco  grown 
on the Tillson F a rm  plots  in 1927 i t  was concluded :  t h a t  the  qua li ty  was 
much poorer  on plots with too much lime th an  on plo ts  with no lime; 
th a t  the quality  on limed plo ts  was im proved  by the  app licat ion  of acid­
ifying chemicals to the  soil; t h a t  lime o r  the  absence of lime did n o t  signifi­
cantly affect f ire-holding capacity  o f  the  leaf,  and t h a t  the  fire-holding 
capacity of  the leaf  f rom  limed p lo ts  was im proved  by cer ta in  ac id ify ing  
t rea tm e n ts  of  the  soil.
No infection of a lfa l fa  by T hie lav ia  was fo u n d  in limed p lo ts  known 
to be infested  with this fungus.  A lfa l fa  does n o t  a p p ea r  to be a  common 
host of  this fungus,  and  were i t  no t  fo r  b rown ro o t - ro t  a lfa l fa  p ro b ab ly  
could be safely ro ta te d  with tobacco. Severe b row n ro o t - ro t  occu rred  on 
tobacco which followed a lfa lfa ,  t im o thy ,  o r  alsike clover.
Brown Root-Rot.  The occurrence  of b rown ro o t - ro t  on tobacco  grown 
on soil in which a cover crop o f  t im o thy  has been tu rn e d  u n d e r  and be­
come p a r t ia l ly  decom posed is a m a t te r  o f  comm on observation . This 
suggested a s tudy  o f  the  effect on tobacco roo ts  of t im o th y  infusions of 
different ages applied to the  soil.
W hen such infusions were applied  to soil in which tobacco p lan ts  were  
growing, the effect on the  tobacco was found  to be som etim es harm less  
and sometimes very in ju r io u s  depending  on the  age o f  the  infusions,  th a t  
is, on the s tage of the  decomposition  of the  t im othy.  The  response of 
p lan ts  to an infusion of a given age was influenced by the  p ro p o r t io n  of 
tops to roots  of t im o thy  used o r  by  the  te m p e ra tu re  a t  which the  de­
composit ion process w ent  on. These infusions of t im o th y  which re ta rd e d  
the growth  of tobacco p lan ts  p roduced  on th e i r  roo ts  b row n d isco lora­
tions and lesions ap p a re n t ly  of  the  sam e ty p e  as those  which, in the  field,
MASS. E X P E R I M E N T  ST A T IO N  B U L L E T IN  21.7308
have given rise to the nam e b row n root-ro t.  These results  lend su p p o r t  to 
the hypothesis t h a t  brown ro o t- ro t  of tobacco is the  expression of the  in ­
ju r io u s  effect on tobacco roots of  one or m ore  toxic substances which are 
fo rm ed  from, and a t  cer ta in  stages in, the decomposition of vegetable o r­
ganic  m a t te r ,  m ore  especially the  residues of cer ta in  slowly decomposing 
c rops such as t imothy.
Chemical analyses of  t im o th y  infusions p rep ared  a t  one week in te r­
vals were m ade  by Professor  H enri  D. Haskins.  The  oldest infusions 
which in previous experim ents  were less toxic to tobacco con ta ined  the 
least  am m oniaca l  n i tro g en ;  b u t  the  age a t  which the con ten t  of ammoniacal 
n i trogen  was g rea tes t  did no t  exactly  coincide with the  age a t  which in­
fusions sim ilarly  m ade  were in previous experim ents  most toxic to to­
bacco.
T r e a tm e n t  of b row n ro o t - ro t  soil with form aldehyde  is known to result 
in less of  the disease on tobacco subsequently  grown on such soil. In ex­
p e r im en ts  to tes t  the  effect of cer ta in  acids on brown, root-ro t,  acetic acid 
was found  to have a like effect.
N e i th e r  su lfu r ic  n o r  ni tr ic  acid, in am ounts  sufficient to lower the pH 
value of the  soil 0.2 to 0.3, had  any effect on the brown roo t-ro t  of tobac­
co grown in this soil.
In field exper im en ts  on land previously  planted  to t imothy which had 
been preceded  by corn, the yield p e r  acre of cured tobacco leaf was 16 
p e r  cent  g re a te r  in the  acetic acid - trea ted  plot than  in the untreated 
check. O rthophosphoric  acid gave 17 per  cent increase.
In p o t  experim ents ,  th o ro u g h  washing or leaching of the soil was fol­
lowed by some reduct ion  in b rown root-ro t.  B u t  water  used in leaching 
did no t  induce  the  disease when used to w a ter  tobacco grown in steamed 
soil.
In the Tillson F a rm  plots, brown roo t- ro t  was severe following alfalfa, 
t im o th y  and  alsike clover in the ro ta t ion  and the  intensi ty  of the disease 
was a p p ro x im ate ly  the same on limed and unlimed plots.
Contro l  o f  Diseases o f  Greenhouse Vegetables. (E. F. Guba, Waltham).
C ladosporium  Leaf-Mold  of Tomatoes.  F u n d a m en ta l  studies in the 
l a b o ra to ry  have included the action of fungicides on g e rm inat ing  spores, 
the re la tion  of env ironm en t  to the  epidemiology of the  disease and the ap­
plication  of some of the  findings to con tro l  p ract ices  in the greenhouse.
Of the fungicides tested,  only vaporized su l fu r  p roved  of merit.  Suc­
cessful con tro l  both in the  lab o ra to ry  and  on spr ing  and  fall crops in com­
mercial  greenhouses was ob tained  by vaporiz ing  su l fu r  a t  f requen t  inter­
vals. T he  util iza t ion  of hea t  in the s team  pipes p roved  impracticable  
because it is seldom possible to obtain  s team  p re ssu re  sufficiently high 
to  prov ide  the  p ro p e r  t e m p e ra tu re  fo r  active  genera t ion  o f  su lfu r  vapor. 
F u r th e rm o re ,  few houses are s team -hea ted  in the ear ly  fall and in the 
absence o f  artificial hea t  conditions usually  prevail  which favor  epidemics 
o f  leaf-mold. I t  became necessary,  there fo re ,  to devise some o ther  method 
of vaporiz ing  the  su lfur.  The  need was m et by the developm ent of  simple 
e lectr ical a p p a ra tu s  fo r  this pu rpose  and  the  equ ipm en t  has been in­
sta lled and s u c c e s s f u l ly  used in several comm ercial  houses.
In the  s tu d y  o f  env ironm en ta l  re la tions ,  i t  was found  t h a t  spore  ge rm ­
inat ion  and  subsequent  vegetat ive  g row th  of the  fungus  occur  a t  t em p e ra ­
tu res  f ro m  4fi° to 95°F. with the op t im um  a t  75° to 80°F. T races  of 
sp o re  germ inat ion  were obta ined  a t  re la tive  humidities  o f  98 and 99 per  
cent,  b u t  n o rm al  and general  germ ination  occurred  only in a moisture-  
s a tu ra te d  a tm osphere  and w a te r  p roved  to provide  the  ideal medium.
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G erm ina tion  did n o t  occur  a t  a re la tive  hum idity  below 98 p e r  cent. In 
the g reenhouse ,  it  was found  t h a t  a m o is tu re -sa tu ra ted  a tm osphere ,  and  
especially w a te r  of  t r an sp ira t io n  on the  foliage,  w i thou t  a d eq u a te  v en ti la ­
tion, the use o f  hea t  with  venti la t ion ,  and  p ro p e r  w a te r in g  to avoid c ond i­
tions favorab le  to infection , gave excellent con tro l  o f  the disease. In the 
spr ing  of 1928, to ta l  yields o f  No. 1 an d  No. 2 g rade  tom a toes  were in ­
creased by 2.83 pounds  per p lan t  a n d  the value by 81 cents per  p lan t  ¿is 
a result  o f  these m an ag em en t  practices,  la  the house so m anaged ,  2.08 
per  cen t  o f  the leaflets showed in fec tion  as c o m p ared  with 45.09 p e r  cent  
in the check house.
A technical  p a p e r  en ti t led  “ Fungic ida l  Contro l  o f  C ladosporium  L eaf-  
Mold Disease on Greenhouse  T o m a to es” has been p re p a re d  for early  
publication.
Pow dery  Mildew of Cucum bers.  W o rk  on this p ro jec t  has been com­
pleted and the results  published in Bulle tin  24(i. (See list o f  pub lica t ions) .
Downy Mildew's of  C ucum ber  and  Lettuce.  (W. L. D o ra n ) .  Fie ld ex­
per im ents  with su l fu r  and copper-l im e dusts as fungicides fo r  the  contro l 
of cucum ber  mildew were  conducted  in 1927. W ith  10 app licat ions of 
copper-lime dust  beg inn ing  p r io r  to the  ap p ea ran ce  o f  the  disease, yield 
of cucum bers was increased 97 p e r  cen t  over the u n d u s ted  check, an d  with 
7 applications beginning with the first  app ea ran ce  o f  the disease, the in- 
crease was 54 p e r  cent.  S u l fu r  fa iled  to con tro l  the disease and was toxic 
to the cucum ber  foliage. In  lab o ra to ry  exper im en ts  su l fu r  was in fer io r  
to copper fungicides in p rev en t in g  infection , b u t  su l fu r  was m ore  effective 
than  copper  in p rev en t in g  sporu la t ion  o f  the  mildew fungus  when applied 
to leaves a f te r  inoculation  o r  d u r in g  the incubation  period.
The m an n e r  of ove rw in te r ing  of Pseudoperonospora cubensis (B. & C.) 
Rostow. is no t  known. C ucum ber  leaves killed by mildew w'ere exam ined  in 
Sep tem ber  b u t  yielded no evidence of oospore  fo rm ation .  Tn 1927 and 
1928, oospore-like bodies a p p ea red  in the decayed tissues of infec ted  
cucum ber  p lan ts  buried  over w in ter  in the soil. Fa i lu re  a t ten d ed  a t tem p ts  
both to g e rm inate  these bodies and  to obtain  infec tion  by inocu la t ing  with 
them.
In the course  of this s tu d y  it  has been found  t h a t  the y oungest  leaves of 
cucum ber are no t  susceptible  to infec tion  by downy mildew and  th a t  
this is due, a p p aren tly ,  to two fac to rs :  (1)  such leaves a re  wet with 
difficulty, (2) the ir  s to m a ta  a re  closed.
It was found  t h a t  in the  p resence  of dew, ra in  is no t  necessary  fo r  the 
sporula tion of P . cubensis, g e rm inat ion  of the conidia  and infection , b u t  
th a t  ra in  is the most  im p o r ta n t  f a c to r  in the rap id  d issemination  o f  the 
fungus.
In the greenhouse,  sp read  of the fungus  was complete ly  s topped  by re ­
moving infec ted  leaves when first seen and  by m ain ta in in g  a  low’ humidity.  
W ork  on P rem ia lactucae Reg.,  downy mildew of lettuce ,  has included 
pre lim inary  s tudies o f  host re la tions ,  susceptibil ity  o f  let tuce  varieties,  
longevity  of conidia  in the soil and  sp ray in g  o f  let tuce  seedlings fo r  mildew 
prevention.
B ordeaux  m ix tu re  p roved  in ju r io u s  to seedling lettuce.  Its effect on 
the mildew was no t  definitely de te rm ined  because of a low degree  o f  in 
fection.
Conidia of the fu n g u s  failed to remain  alive in the soil.
Tes ts  with the  two varie ties  grown comm erc ial ly  in Massachusetts ,  Bel­
m ont and May King, revea led  B elm ont as very  susceptible  and  May K ing 
as very res is tan t  to mildew.
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On the  basis of  this finding, Mr. V. A. T ied jens of the M arke t  G arden  
Field  Sta tion  has made crosses of these varieties in an effort  to  develop 
a m ildew-res is tant  var ie ty  which will head well in winter ,  p oor  heading 
being an ob jec t ionab le  characteris tic  of May King. At least  one p rom is­
ing selection has been made.
E rad ica t io n  of N em atodes  and  Paras i t ic  Fungi  in G reenhouse  Soils.
(L. H. Jo n e s ) .  I t  has been learned  th rough  clay po t  studies th a t  single 
applicat ions of calcium cyanide to am ounts  as high as 9600 pounds* per 
acre  are ineffective in e rad ica t in g  nem atodes  f rom  a gall- infested soil. 
How ever ,  when the  soil is infes ted  with only the motile phase 1200 
pounds  p e r  acre  gives e radica t ion . In an effort  to de te rm ine  the  resistant 
phase,  work was cen tered  upon eggs of the  “ brown cyst” stage. The 
longest case observed requ ired  th ir ty -n ine  days fo r  such eggs to hatch. 
By m ak in g  th ree  app licat ions each of 1200 pounds per  acre a t  weekly 
in tervals ,  it was fo u n d  possible to e rad ica te  nem atodes in the soil when 
all s tages were p re sen t  in galls of a ha lf  inch diameter. This method 
was n o t  successful in the  dry  ho t  days of summer.
The p rob lem  was then  developed on the hypothesis th a t  if  the hydrocy­
anic acid gas, which fo rm s when calcium cyanide reac ts  with moisture, 
can be kep t  in the soil a sufficient length of t ime the nematodes in all 
s tages  will eventual ly  succumb to its lethal character.  Investigations con­
duc ted  in this D e p a r tm e n t  have produced  evidence th a t  an acetic acid- 
t r e a te d  soil has some p rope rt ie s  in common with a soil th a t  has been 
p a r t ia l ly  steril ized with steam. Acetic acid alone and in two repeated 
t r e a tm e n ts  was ineffective on nematodes.  Yet  when it  was used in con­
ju n c t io n  with calcium cyanide complete  e radica t ion  was secured in two 
applicat ions ,  b u t  this combina tion  failed when only one application was 
made. This m ethod  was successful in m any  experim ents  and was fu r ther  
developed to reduce  labor  by dissolving the  calcium cyanide in a dilute 
so lu tion  of acetic acid and flooding the soil with the solution. No attempt 
is m ade  to  describe the physical o r  chemical phenom ena  involved in the 
use o f  these two chemicals fo r  soil disinfecting purposes.
It is fe lt  th a t  f u r th e r  progress  on. this m ethod may be made by sub­
s t i tu t in g  a dry  chemical in place of the wet acetic acid. The development 
of  a d ry  chemical m ix tu re  th a t  is effective in nem atode  e rad ica t ion  would 
m ake  it  possible to eliminate  this pest  from  large a reas  of  land  on which 
the  crop p roduc tion  is seriously l imited because of this organism.
Two o ther  m ethods for nem atode  e rad ica t ion  were a t tem pted .  It was 
found  t h a t  by keeping the w ater-ho ld ing  capacity  above 80 p e r  cent the 
fo rm at io n  of galls on to m a to  roots  could be reduced  to a lmost none. 
How ever ,  the  p lan ts  do n o t  g row  well u n d e r  such conditions. I t  was 
also lea rned  th a t  the  nem atodes  were n o t  destroyed  by  keeping the soil 
flooded fo r  a month. This was de te rm in ed  by e v ap o ra t in g  some of the 
w a te r  and growing  to m a to  p lan ts  u n d e r  no rm al  soil m ois tu re  conditions.
A condition of ex trem e  drough t ,  on the  o th e r  hand, gives complete  
erad ica t ion .  Galls were in tro d u ced  in to  a ir -d ry  soil. E v e ry  ha lf  week 
some pots were removed, w a te red  and to m a to  seed p lanted . The nem a­
todes did n o t  survive m ore  th an  two weeks u n d e r  these a i r -d ry  condi­
tions. I f  the re la tive  hum id i ty  is similar to th a t  of a no rm al  A ugus t,  then 
th ree  weeks are necessary. Such an ex trem e  condition of desiccation is 
no t  p rac t ica l  fo r  o ther  th an  p o t t in g  soils, flats, pots,  greenhouse  p a r ts ,  or 
tools, all of  which may be sources o f  serious con tam ination .
The  Rest Period  of Gladiolus. (L. H. Jones .)  The p a r t i c u la r  ob jec t  
in a l te r ing  the  rest-per iod  of gladiolus is to  p roduce  out-of-season blooms,
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p a r t icu la r ly  fo r  the ear ly  w in ter  season. It has been lea rned  t h a t  co n n s  
m ay  be kept in cold s to rage  d u r in g  the su m m er  and  p lan ted  in ear ly  
October.  Thus the rest-per iod  is a l te red  by p ro long ing  it. T hough  good 
p lan ts  resulted  from  such sto red  conns ,  these p lan ts  did n o t  p roduce  
blossoms except  in instances fo r  which no ex p lana t ion  can be given. F o u r  
varieties were p lan ted  each with a  range  of soil t e m p e ra tu re  f rom  50° to 
95°F. a t  intervals of five degrees. These soil tem p e ra tu re s  were k ep t  
constan t  by au tom a tic  tem p e ra tu re  t an k  a p p ara tu s .  Of the fo u r  varie ties, 
(Albania ,  Arlon, I.os Angeles, and W ilb r ink )  Arlon p ro d u ced  th ree  spikes 
of blooms. T here  were fo u r  p lan ts  a t  each tem p e ra tu re  and  each spike 
of blossoms was at a different tem p e ra tu re .  Thus  no conclusions can be 
drawn from  soil t e m p e ra tu re s  in the ir  re la tion  to blooming. The  a p ­
pearance  of the p lan ts  ind ica ted  th a t  the  best g row th  was ob tained  be­
tween the tem p e ra tu re s  of  65° and 85 °F.
Since soil t e m p e ra tu re s  had no effect on blossoming, histological s tu d y  
has been made re la tive  to the fo rm at ion  of the floral tissue. The  results  
indicate  t h a t  in the var ie ty  used, Crimson Glow, d ifferen tia tion  occurs 
and has become p ro m in e n t  a t  a b o u t  five weeks f ro m  the t im e the  corms 
are p lanted. U n d e r  n a tu ra l  ou t-o f-door  conditions th is  would be a t  the 
time when the day ligh t  is becom ing much longer,  a  fac t  which may 
account  for lack of blooms when gladiolus is p lan ted  in the a u tu m n .  E x ­
perim ents  are now un d e r  way to ascer ta in  if no rm al  day ligh t  can be 
supplem ented  by artificial light in such a way t h a t  gladiolus will blossom.
C arnation  Blight. (E. F. Guba, W alth am .)  S tudy  o f  C arna t ion  Blight, 
caused by A lternaria  d ian th i S & H., has been conducted  a t  the  M arke t  
Garden Field S ta tion  since March, 19*28. This disease and red sp ider  are 
among the most serious obstacles to successful cu l tu re  of  ca rna t ions  
in this Sta te .  F re q u e n t  syr ing ing  of the  p lan ts  with w a te r  as a contro l 
measure  fo r  red spider is the main f a c to r  in the sp read  o f  b light in the  
houses. This d anger  is rem oved  by the use of vaporized  n aph tha lene  fo r  
the control of  red sp ider  and hence if  only b l igh t-free  p lan ts  a re  housed, 
control of b light under  glass becomes g rea t ly  simplified. I t  seems evident,  
therefore,  th a t  successful contro l o f  blight in the  greenhouse  depends 
largely on abil i ty  to p reven t  infection and developm ent of the  disease on 
young plants  in the field.
Study o f  the effect o f  fungicides on g e rm in a t in g  spores a t  50° and 
90 F. has shown th a t  su l fu r  d u s t  is not tox ic  and t h a t  copper  d u s t  is 
tox-c if  m ois ture  is p resent .  S im ila rly  B ordeaux  m ix tu res  2-2-50 and 
4-1-50 are toxic to spores in the w a te r  drop. The  tox ic i ty  of  copper  
fungicides is re la ted  to  the length o f  t ime w a te r  is p resent .  The  lethal 
action of liquid l im e-sulfur in 1-10 and 1-40 d ilutions a t  90°F. to spores 
in the water  drop  is noted, a lthough  it is no t  considered  as s t r ik in g  as 
tha t  of  Bordeaux.  In general  d ry  l im e-su lfu r  residues a re  su p e r io r  to 
dry B ordeaux residues. This effect of  l im e-sulfur is m ost  p ro n o u n ced  a t  
higher tem pera tu res .  N ap h th a len e  vaporized  a t  the r a te  of  one pound  
to 5,000 cubic feet, the a m o u n t  recom m ended  for  con tro l l ing  red spider, 
exerts no lethal effect upon the spores.
S tud \  has revealed the value of a sp re ad e r  in p rev en t in g  fo l iage  in- 
feet on. Complete foliage covering is prov ided  by the addit ion  o f  e ithe r  
fish oil or  linseed oil at the  ra te  o f  .3 per  cent o f  the  d i lu ted  spray.
E g g p lan t  Wilt.  (E. F. Guba, W a l th am ) .  W ilt  o f  egg p lan t  is caused 
by the fungus  Verticilliwm albo-atrwm. R. & R. which en te rs  the roots  f rom  
infes ted  soil. Because of the im pract icab ili ty  of soil d isinfection, the 
prob lem  of contro l has been ap p ro ach ed  chiefly f rom  the  s ta n d p o in t  of  
resis tance  to the disease.
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Varie t ie s  of  eggplants  f rom  different p a r ts  of the world have been 
grown to de term ine  their  behavior to the  pathogene. N um erous  types 
rep re sen t ing  a large num ber  of va r ie ta l  names have been un d e r  observa­
tion bu t  none has shown evidence of resis tance to the  disease. Since it 
is believed t h a t  all d istinct varieties have been grown and none has proved 
of any m eri t  fo r  crossing, this phase  of the problem has been discontinued.
A p a p e r  mulch te s t  conducted  this  year  offered indication of being a 
m eans of contro l l ing  the  disease. Since infection ra re ly  occurs above 
an average  te m p e ra tu re  of  77° F., control of the disease by mulching the 
p lan ts  with p a p e r  appears  promising.
Studies  on the re la tion  of soil reac tion  to infection and growth of egg­
p lan ts  are in progress.
F u n g o u s  P aras i te s  of  Grasses. (W. FI. Davis).
1. Sclero tivm  rhizodes Awd. is the cause of a sclerotial disease which 
kills the  leaves of grasses over large  areas in meadows, pastu res  and lawns. 
The disease is p rev a len t  in M assachuetts  and has been observed in all the 
New E n g la n d  states.  I t  appears  in April and disappears in June  of the 
same year.  It reduces the ca r ry in g  capacity  of pastures ,  cuts the hay 
yield in m eadows as much as 30 per  cent and prevents  grass plants from 
m a tu r in g  seed. The life-history of the fungus has been de termined in pa r t  
and  it  is hoped th a t  this phase  of the s tudy will be completed in the near 
fu tu re .
2. T here  a p p e a r  to be two distinctly different diseases, each known 
as “ b row n p a tc h ” , which occur  as dead areas  in lawns and golf greens. 
F ro m  one of these, which has been designated as “ little brown pa tch”, a 
species of F u sa r iu m  has been isolated in five out of seven cases. This 
F u sa r iu m  killed red top  seedlings grown in steril ized compost soil into 
which the  fungus  was in troduced .  Collections of this disease have been 
m ade  in Massachusetts ,  C onnecticut  and New York.
F ro m  the  second and more common of these diseases, “ large brown 
p a tc h ” , R hizoctonia solani Kuhn has been isolated. Inoculations of grasses 
with this fungus p roduced  the  charac te ris tic  disease when atmospheric 
conditions were “ w arm  and dam p.” M ercuric  compounds controlled the 
disease.
3. “ Snow mold'* was observed on lawn grasses a bou t  the campus in 
1927 and 1928 d u r in g  the  sp r ing ;  it appeared  also on golf greens and 
fields. In 1927, i t  a ppea red  first  in F e b ru a ry  and continued until  June. 
The grasses were not seriously in ju red  by it. Eleven specimens, three  from 
New York ,  one from  Connecticut and seven from  Massachusetts ,  showed 
the  fungus  to be a species of Fusar ium .
4. S tr iped  sm u t  of grasses ( Ustilago strm eform is  (W estd .)  Niessl.) has 
been studied  d u r in g  the las t  five years. Its l ife-history has been determined 
and published. T h a t  there  are biologic fo rm s of the fungus was indicated 
by the fac t  t h a t  spores f rom  t im othy  did not infect redtop,  and  vice 
versa. None of the agronom ic  s t ra ins  of t im o thy  p roved  im m une to this 
sm ut,  but some are m ore  res is tan t  than  others.
A L eaf-spo t  Disease of Chinese Cabbage, Caused by an Alternaria .  
(W. H. Davis.)  The disease has been observed each au tum n since 1923. 
Spores m easure  5-29 x 7-103 microns as com pared  with those of A . brassicae 
(B erk .)  Sacc. on common cabbage  rep o rted  as 10-30 x 35-120 microns. 
H ow ever ,  inocula tions indicate  th a t  the two fungi are physiologically 
identical.
O ther  Activities. In the absence o f  an E xtension  specialist in the  D e­
p a r tm e n t ,  m em bers of the staff a re  called upon to render  considerable  ex-
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tens ion service on a var ie ty  o f  sub jec ts  coining within the  scope o f  our  
work. This includes correspondence, response to telephone calls, p e r ­
sonal conferences a t  the offices, a l im ited  n u m b er  of field visits, lec tu res  
on reques t  and  the p re p a ra t io n  of in fo rm a t io n a l  l i te ra tu re .  D u r in g  a  year  
some 500 le t te rs  a re  w ri t ten ,  ab o u t  100 field visi ts a re  m ade  and  250 to 
300 persons call at.  or  telephone to, the offices fo r  help o r  in fo rm at ion .  
N a tu ra l ly  much time and th o u g h t  are necessarily  d iver ted  by these act iv ­
ities f rom  the main work of the E x p e r im e n t  S ta tion .  T here  is, however, 
a cer ta in  a m o u n t  of  recip roca l  benefit to the S ta t ion  in t h a t  the  resea rch  
w orker  is kep t  in closer touch  and sym pa thy  with the  w ork  and  p r o b ­
lems of the g row er and such a re la tionsh ip  is necessarily  s t im u la t in g  and 
sometimes p roduc tive  of valuable  results .  Desirab le  as such an a r r a n g e ­
m ent may be, it  seems evident  from  the  volume of this w ork  t h a t  should 
it m ateria lly  increase— which app ea rs  a l to g e th e r  likely— eithe r  the  re ­
search of the D e p a r tm en t  m us t  be jeo p a rd ized  o r  an addition  to the  staff 
would become imperat ive.
T H E  C R A N B E R R Y  ST A T IO N  
( E a s t  W areh am .  M assachuse tts )
H. J .  F ra n k l in  in Charge
The inves tigation  work  of the  C ra n b e r ry  S ta tion  has m ade  steady,  and 
on the wdiole, sa t is fac to ry  p rogress  d u r in g  the  p a s t  two years  and has 
u near thed  much new and  va luable  in fo rm at ion .  The w ork  has been m ore  
extensive and intensive than  in prev ious years  and  has d em anded  the  a t ­
tention  of a som ew hat  la rg e r  n u m b er  o f  w orkers  d u r in g  the  active  sum ­
m er season. F o r  this increase  of personnel,  use has been m ade  m ainly  
of local help b u t  men have been employed in var ious localit ies to help  in 
m aking special w ea th e r  observations,  and Prof .  W ill iam  IT. Saw yer  of  
Bates College, who has been on leave of absence and  do ing  p o s t -g ra d u a te  
work a t  the L ab o ra to r ie s  of  C ryp togam ie  B o tany  a t  H a r v a r d  Universi ty ,  
has made the s tudy  of a  disease often  epidemic on the  b lack-headed  fire- 
worm his pr incipal  thesis  work. H e  has car r ied  on this w ork  act ively  at 
the C ranberry  Sta tion  d u r in g  the  sum m er  season.
The c ran b e r ry  extension w'ork has increased  s teadily  and is now7 in te r ­
fering  seriously with the  p ro p e r  execution  of resea rch  work. This condi­
tion should somehow be relieved in the  n e a r  fu ture.
The research  w7ork  done a t  the  S ta t ion  d u r in g  the biennium  is classified 
here under  p ro p e r  headings, the first  fo u r  headings be ing  those  of the 
officially approved  p ro jec ts :
In ju r ious  and Beneficial Insects Affecting the  C ran b erry .  (H. J .  F r a n k ­
lin.) D ur ing  the  two years  a g re a t  am o u n t  of sca t te red  research  work  
necessary to round  ou t  in fo rm a t io n  a lready  a t  hand  was done in o rder  
to complete o u r  knowledge of the  insects discussed in Bulle tin  No. 239 
published in 1928. The  researches of special im p o r tan ce  and in te res t  m ay  
be discussed un d e r  the  following headings:
(a) Disease o f the B lade-headed Fireworm  (R hopohota  vacciniana  
( P a c k ) ) .  The w ork on this disease was done by Prof.  W illiam IT. Saw ­
yer a lready  mentioned. H e  de term ined  this disease to be caused  by 
E n t<>mophfhora sphaerosperm a  Fres. H e  fo u n d  t h a t  th is  fungus  is absen t  
o r  inactive on the bogs where  fireworm in fes ta t ions  a re  n o tab ly  re s is tan t  
to con tro l  and genera lly  a b u n d an t  on o th e r  infes ted  areas. H e  fo u n d  
fu r th e r  t h a t  bogs on which it  is scarce  a re  generally  la rge  well m anaged
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areas t h a t  have been flooded, sprayed and resanded  regularly .  Evidently ,  
it  is killed o u t  d irectly  o r  indirectly  by late  spring  or sum m er flooding 
o r  by sand ing  or spraying, for  no evidence was found  t h a t  fall flooding or 
the  w inter  flood, even when i t  is held late, affects it.
(b) P yreth vm  Soap Spray. Extensive  spray ing  tests were car r ied  ou t  
with this m ate ria l  to de term ine  its effectiveness as a contro l fo r  various 
c ran b e r ry  pests.  As a general  result  of  these tests ,  i t  has been decided t h a t  
the p y re th ru m  sp ray  should have an im p o r ta n t  place in c ran b e r ry  cu ltu re  
as a t r e a tm e n t  fo r  the  first brood of the  b lack-headed fireworm and as a 
con tro l  for  leafhoppers ,  b u t  th a t  i t  will not t ak e  the place of nicotine 
su lfa te  fo r  m ost  of  the o ther  t r ea tm e n ts  fo r  which th a t  insecticide is used.
(c) H olly  M ite (P aratetranychus ilicis M cGregor) .  The general life 
h is tory  of this mite was w orked  o u t  and it was discovered th a t  heavy rains 
d u r in g  its active season sometimes very near ly  achieve its complete  control.
(d )  Cranberry R oot Grub (Am phicom a vulpina  H en tz) .  Progress was 
m ade  in developing new and m ore  sa t is fac to ry  methods of applying the 
sodium  cyanide solu tion  used as a control fo r  this pest.
(e) C ranberry W hite Grub (P hyllophaya anxia  Lee.) Considerable a t ­
ten t ion  was given to the study  of the life h istory of this species and it 
was found  t h a t  it could be contro lled  best  by the t rea tm e n t  used against 
the c ran b e r ry  ro o t  grub.
(f )  Cranberry B lack B u y . This c ran b e r ry  pest has no t  hereto fore  been 
recognized in l i te ra tu re  b u t  it is often so ab u n d an t  th a t  it  dra ins the vines 
seriously. Its life h is to ry  was p a r t ia l ly  worked out.
(g )  Considerable a t ten t ion  was given to the parasi tes  of c ranberry  
pests and  several new fo rm s were reared.
(h) C ra n b e r ry  flower pollenation  and the re la tionship of insects to 
it  was studied.
C ra n b e r ry  Disease W ork .  (H. J .  F rank l in  in cooperation  with the Bu­
reau  of P lan t  In d u s try ,  U. S. D. A.).  Dr. Neil E. Stevens of the Bureau 
of P lan t  In d u s t ry  was a t  the C ran b erry  S ta t ion  d u r in g  the growing season 
both years  and coopera ted  very actively in this work. The chief studies 
were the following:
(a)  False Blossom Disease. The d is tr ibution  and sp read  of this disease 
and  the possible re la tionships of insects and of flooding to  i t  wrere given 
very extensive and careful  a tten tion .  The M cFarl in  va r ie ty  was found 
to be the most  im m une  of all the cult ivated  varie ties  and the E a r ly  Black 
va r ie ty  is genera lly  only m odera te ly  affected by it. On the  o ther  hand, 
the Howes varie ty ,  which is the s ta n d a rd  late  varie ty ,  is very  susceptible 
to its a ttack .  This disease has been sp read ing  rap id ly  in recen t  years 
and has become a m a jo r  c ran b e rry  problem. I ts  effect on the Howres vari­
e ty is so g re a t  th a t  the discovery of a new late v a r ie ty  res is tan t  to it  may 
soon become imperat ively  necessary. I t  was found  t h a t  this disease origin­
a ted  with the  c ran b e r ry  in Wisconsin and was b ro u g h t  from  Wisconsin to 
M assachusetts  and New Je rsey  in diseased vines. I ts  lines of spread in 
this S ta te  from  one bog to ano the r  were t raced ,  in some cases th rough  
considerable  series of  bogs. I t  seems p robab le  th a t  this disease originally 
affected some o ther  species of p lant ,  p robab ly  a p lan t  in troduced  from 
a broad  and grown extensively in the Middle W est  and no t  very much in the 
E as t.  To discover this o ther  host presents  an in te res t ing  and probab ly  dif­
ficult problem. I t  was p roved  experim ental ly  t h a t  the disease is carr ied  from 
diseased to heal thy  p lan ts  by insects and experim ents  have been s ta r ted  
to de term ine  ju s t  w hat  species a re  the carriers .  E xper im en ts  were also 
s t a r te d  to de te rm ine  w he ther  the disease can be car r ied  merely by  con-
B IE N N IA L  R E P O R T ,  1927 AN D  1928 315
tact .  As i t  was fo u n d  th a t  nearly  all the  serious cases o f  infection  by Ibis 
disease a re  on bogs th a t  are flooded b u t  l ittle  d u r in g  the g row ing  season, 
m em bers o f  the  C ranberry  S ta tion  stuff have been recom m end ing  th a t  
late  J u n e  flooding be p rac t iced  to  keep down the  spread  of the  disease 
where w a te r  supplies a re  available, it being believed th a t  flooding at t h a t  
t ime destroys the carriers .  As the b lunt-nosed lea fh o p p er  (F uscelis  spp.) 
is very commonly associated  in ab undance  with severe a t ta ck s  of the  
disease, it is believed th a t  this species m ay  be found  to be the  principal  
c a r r ie r  and  fo r  t h a t  reason spray ing  with p y re th ru m  soap is recom m ended  
for  t rea t in g  a reas  where  w a te r  supplies fo r  flooding are  deficient.
(b) Relations o f W eather to K eeping Q uality of the F ru it. I)r. S tevens 
has had this s tudy in charge  alone. His findings have enabled  him to m ake  
accurate  fo recasts  of  the general  keep ing  quali ty  in recen t  years.
(e) Incubator Tests o f K eeping Quality. These tests have been con­
t inued and ex tended  so sa t is fac to r i ly  t h a t  they  p ro b a b ly  will even tual ly  be 
made extensive use of by c ran b e r ry  selling agencies as a  m eans  of d e te r ­
mining w hat  disposition to m ake  of shipments.
(d) F airy  R ing  fungus. R a th e r  extensive studies of this fungus th a t  
works in the  soil and kills o u t  vines in ever-grow ing  rings were m ade  and 
considerable  in fo rm a t io n  of value r e g a rd in g  it was accumula ted .
W eather  O bserva tions with R eference  to F ro s t  P ro tect ion .  (H. J.  F r a n k ­
lin in coopera tion  with the  U. S. W e a th e r  B ureau .)
(a) R eports  of  local w ea th e r  observations m ade  a t  8 A. M. (eas te rn  
s ta n d ard  t im e) were m ade  daily  by te leg rap h  to the  office o f  the  W e a th e r  
B ureau  at Boston. G enera l  w ea th e r  observations were  m ade  and  reco rded  
a t  8 A. M., Noon and  8 P. M. in 1928.
(b) F u r th e r  w ea th e r  records l ikely to have a b e a r in g  on c ran b e r ry  
f rosts  were accum ula ted  in bo th  1927 and  1928, several new' observers  a t  
selected points  in B arnstab le ,  P ly m o u th  and  Middlesex counties  assisting 
in this.
(c) Studies of  observations a lready  recorded  were m ade  f rom  t im e to  
time, these resu lting  in a co n s tan t  increase  in o u r  knowledge of these 
problems and  a co rresponding ly  g re a te r  abili ty to fo recas t  m in im um  bog- 
t em p era tu res  accurate ly .  The  m ost  recen t  resu l t  of  these  studies  is the  
discovery t h a t  wet bulb  observations m ade  a t  E a s t  W are h am ,  South  
Chelmsford and W o rces te r  a re  m ore  valuable  as a  basis fo r  reckon ing  
minimum bog t e m p e ra tu re s  in the e a r ly  evening than  are  the  bog t e m p e ra ­
tu re  and dew-point observations used heretofore .
(d) Forecas ts  o f  m inim um  bog t e m p e ra tu re s  were m ade  in the f ros t  
seasons of 1927 and  1928 in the  ear ly  a f te rn o o n  and  the ear ly  evening. 
These fo recasts  were d is t r ibu ted  by the  New E n g la n d  T elephone  and Tele­
graph  Co., the  cost of d is tr ibu tion  being pa id  by the  Cape Cod C ra n b e r ry  
Grow ers’ Association as hereto fore .
B lueberry  Investigations.  (H. J.  F ran k l in  in coopera t ion  with the  
B ureau  of P la n t  Indus try .)  The S ta tion  b lu eb e rry  pa tch  has been used 
mainly as a dem ons tra t ion  p lan ta t ion .  N o t  much inves tiga tion  w ork  has 
been done in connection with it. The most  in te res t ing  developm ent was 
the sa t is fac to ry  d em ons tra t ion  of the  p rac t icab il i ty  o f  in te r -p lan t in g  young  
blueberry  pa tches  with H o w ard  No. 17 s t raw berr ies .  E x per ience  th u s  f a r  
indicates t h a t  the  cheap weed con tro l  and  the  h um us  added  to the  blue­
b e r ry  soil by the  m ulch ing  o f  the  s t ra w b er ry  vines a re  o f  very  m ate r ia l  
value.
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In addition  to the work of the  listed p ro jec ts  of  the  c ran b e r ry  s ta tion , 
im p o r ta n t  inves tigations were conducted  a long the  following lines:
1. Weeds. S p ray ing  with a pound  of slacked lime to two gallons of 
w a te r  p roved to be a valuable new contro l  fo r  green moss. This kills the 
moss a lm ost  complete ly a t  a cost of ab o u t  ten dollars an acre. I t  should 
be p u t  on in late  October  o r  early  November.
2. The  Relationship of W e a th e r  to C ran b erry  Productiveness.  The 
studies so f a r  m ade  show th a t  w arm  sunny weather  is essential to the 
p ro p e r  p re p a ra t io n  of c ran b e rry  vines fo r  m axim um  productiveness and 
suggest  t h a t  o th e r  f ru i t  p lan ts  such as apple, pear ,  swamp blueberry ,  wild 
black cherry  and beach p lum  are  in genera l  affected in the  same way. They 
also indica te  t h a t  the size of  genera l  c ranberry  crops can be predicted 
to a considerable  extent.
3. Variet ies .  The  m ore  noticeable characteris tics  of pract ica lly  all the 
varie ties  of c ranberr ies  grown have been studied and compared fo r  the 
pu rp o se  no t  only of developing and systematizing  knowledge of the vari­
eties b u t  also of lay ing  down lines of  corre lation  fo r  guidance in making 
f u tu re  selections f rom  the  wild. As a resu lt  of  this work, i t  has been 
fo u n d  t h a t  color of  foliage,  average  seed count,  and f ru i t  bloom are cor­
re la ted  with v a r ie ta l  productiveness and disease resistance.
A series o f  analyses m ade  by Prof .  F. W. Morse show clearly th a t  the 
var ie ties  t h a t  a re  in genera l  the  m ost  re s is tan t  to disease have the highest 
p e rcen tag es  of to ta l  acids in the  f ruit.
D E P A R T M E N T  O F  D A IR Y  M A N U F A C T U R E S  
J.  H. F ran d sen  in Charge
W ashing  Pow ders fo r  Dairy  Use. (A. W. Phillips1). W o rk  on this 
p ro jec t  has been comple ted  and the results  published as Technical Bulletin 
13. (See list of  Publica t ions) .
The Q u inhydrone  E lec trode  in the Dairy  L ab o ra to ry .  (K. E. A\ right ). 
W o rk  on this p ro je c t  up to this t im e can be sum m arized  as follows: The 
qu inhydrone  e lectrode de te rm ina tion  of p H  canno t  be used as a method 
fo r  de te rm in ing  the keeping quali ty  of milk. E i th e r  the quinhydrone 
m ethod  fo r  p H  de te rm ina tion  can n o t  be applied to milk, or the  p H  of milk- 
gives no indication  of its  keeping quality .  The  l a t t e r  reason seems the. 
more probable.  F u r th e r  w ork  on this p ro je c t  is u n d e r  way.
A Study  of Packaged  Ice C ream . (K. E. V\ r igh t) .  This s tudy  has been 
confined to the  two m a jo r  objec t ions to the  rap id  adoption  of the  fac­
to ry  filled p ack ag e :  namely , the l ight weight and p o o r  tex ture .  It. has been 
fo u n d  th a t :
1. A twelve-ounce p in t  package  m ade  by d raw ing  a t  an overrun  of 
50 per  cent  is an ideal weight to  m ee t  the  objections of the  l ight weight 
package.
2. A 12 p e r  cent  fa t ,  10 p e r  cent se rum  solids, 15 p e r  cent sugar,  and 
35 per  cent gela t ine  p ro d u c t  should be d raw n a t  a tem p e ra tu re  n o t  over 
25ya°F . to avoid eoarse  tex ture .
3. An increase  in f a t  con ten t  of  2 p e r  cent  helped to  sa t is fy  the  re ­
q u irem en ts  fo r  food value lack ing  in the  l igh te r  package.  H ig h e r  f a t  also 
apprec iab ly  im proved  the  tex ture .
1 A f te r  th e  re s ig n a tio n  o f  A . W . P h ill ip s , th e  m a te r ia l  w as  p re p a re d  fo r  p u b lica tio n  
hy  J .  H . F ra n d s e n  a n d  M. J .  M ack.
2 W o rk  on  th is  p ro je c t w as  s ta r te d  hy  A . W . P h illip s .
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4. The following fac to rs  cause  a low initial  whip which faci li ta tes  
d raw in g  the p ro d u c t  a t  a tem p e ra tu re  low enough to favor  sm ooth  t e x tu re :  
increase  of f a t  con ten t ,  subs ti tu tion  of b u t te r  fo r  cream , the add it ion  of 
.3 per  cent egg yolk o r  o f  .13 p e r  cent  calcium lac ta te ,  an d  the add it ion  
of the gela tine  a f te r  cooling the  mix.
5. Sharp  sc rape r  blades and  a brine  t e m p e ra tu re  below 5°F. were 
found  essential to the p ro p e r  cooling o f  ice c ream  with a low overrun .
U td .za t .on  o f  New E n g la n d  F ru i t s  in F rozen  D a iry  P roduc ts .  (M. J.  
M ack).  The fru i ts  used in this p ro jec t  were packed  by the D e p a r tm e n t  of 
H o r t icu l tu ra l  M anufac tures .  A pprox im ate ly  130 gallons of f ru i t  a re  avail­
able, of  which ten varie ties  o f  s t raw b err ie s  m ake  up a t  least  half .  The  
o ther f ru i ts  a re  raspberr ies ,  cherries ,  peaches,  b lueberries  and  plums.
These f ru i ts  are now being util ized in f ru i t  ice creams. P re l im in a ry  
tests  o f  the f lavoring abil i ty  o f  different  varie ties,  o p t im um  am o u n ts  to 
use, ratio of  su g a r  to berries, t r e a tm e n t  of the  f ru i t ,  etc., a re  now under  
way. This work will be followed by a care fu l  s tudy  o f  the effect of  these 
f ru i ts  on the freezing process and  on im p o r ta n t  p rope rt ie s  of  the  finished 
ice cream. As yet the w ork  has n o t  advanced  to the  po in t  where  any 
conclusions can be reached.
D E P A R T M E N T  O F  E N T O M O L O G Y
H. T. F e rn a ld  in Charge
Dates of Hatch ing  of Scale Insects and W hen  to S p ra y  fo r  Them.
(A. I. B ourne) .  W ith  m an y  scale insects the  m ost  successful t r e a tm e n t  
should imm edia te ly  follow ha tch ing  of the  eggs. To de te rm ine  when this 
t ime comes sufficiently b e fo reh an d  to be p re p a re d  fo r  t r e a tm e n t  a t  the 
right t ime is a g re a t  advan tage .  D a ta  fo r  m any  years  have  been collected 
and com pared  with tem p e ra tu re s  f ro m  the  t ime of egg lay ing  th ro u g h  
hatching, in an a t t e m p t  to de te rm ine  the to ta l  accu m u la ted  t e m p e ra tu re  
to bring this about.  A bnorm al  seasons,  as they  have occurred ,  have also 
been studied and  the  inves tiga tion  is now well in hand.
Investigation of Materials  which Prom ise  V a lue  in Insect  Contro l.  
(H. T. Fe rn a ld  and A. 1. B o u rn e ) .  F o u r  different types of miscible oils, 
four  “soapless” emulsions and  one lu b r ica t in g  oil emulsion have been 
tested fo r  efficiency as insecticides and  sa fe ty  to t rees,  all b u t  one o f  these 
being now on M assachusetts  m ark e ts  o r  ab o u t  to be p laced there.
I'he miscible oils and  lub r ica t ing  oil emulsion gave sa t is fac to ry  con tro l  
against the E u ro p ea n  red mite, with the  “ soapless” emulsions less effective, 
one of these  last  being so toxic as to cause  serious in ju ry .
Contro l  of Onion Thrips.  (A. I. B o u rn e ) .  An effective sp ray  combin­
ation has been developed bu t  dusts  have proved  ineffective. A schedule 
of applications has been completed.
As horse-drawn sp ray  m achinery  can n o t  be used in the C onnecticu t  
Valley onion fields because of cu ltu ral  methods,  a m achine to fit these con­
ditions has been produced. I t  is a pow er sp rayer ,  both p rope ll ing  m achine 
and developing pressure  fo r  sp ray ing  witli a com pressed a ir  pump. I t  will 
sustain a 200-lb. w ork ing  p re ssu re  while covering  six rows. T hough  this 
outfit  has given prom is ing  results ,  p r e m a tu re  dying o f  onions the  last  
two years  and  l ight in fes ta t ion  of th r ips  have p rev en ted  large  scale tests.
S p ray  Residue Problem  and Its  Relat ion  to O rc h a rd  Practices .  (A I
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B ourne) .  W ealthy ,  M cIntosh and Baldwin apple  t rees have been used to 
de term ine  the latest  da te  on which lead a rsena te  could be applied w ithout  
d anger  of  too g re a t  residue. Both 1927 and 1928 had large am oun ts  of 
ra in fa l l  during; the  sum m er, and it  was found  t h a t  the  W ealthy  could be 
sprayed  as late  as J u ly  15; the  McIntosh during  all Ju ly ;  and  the Bald­
wins were un d e r  to le rance  limits  even when sp rayed  in mid-August.
I t  is a p p a re n t  th a t  in dry  seasons or with m odera te  ra infall ,  p resen t  
spray  pract ices  fo r  la te r  sp ray ing  will need modifications. Dus t  applica­
tions show less residue on f ru i t  at ha rves t  th an  sprays.
A d ap ta t io n  of the Recom m ended Spray  Schedule for the Control of 
O rch ard  Insects to E as te rn  M assachusetts  Conditions. ( \ \ .  D. W hitcom b).  
Studies  at W a l th am  show t h a t  sp ray ing  recom m endations  based on insect 
studies of  A m h e rs t  a re  generally  applicable in eas tern  Massachusetts .  W ith 
the  apple  m aggot,  however, i t  was found  t h a t  du r ing  a  period of three 
years  the  flies did n o t  emerge  in sufficient num bers  to w a r ra n t  spraying 
be fo re  Ju ly  15, whereas the  A m h ers t  recom m enda tions  advise spray ing  by 
Ju ly  1. I t  has also been found  t h a t  a  spray  th ree  weeks a f te r  the calyx 
spray  is m ore  effective in com bat ing  the  p lum  curculio  and codling moth 
in apples th a n  has been realized h i therto ,  and th a t  the pink spray  has no 
value aga ins t  the p lum  curculio.
C on tro l  of  the P lum  Curculio in Apples.  (W. D. W hitcomb, W altham ).  
R epea ted  s tudies now show t h a t  the plum curculio is most  a b undan t  from 
J u n e  15 to  22, and  t h a t  the  g rea tes t  am o u n t  of in ju ry  from  feeding and 
egg p u n c tu re s  takes  place imm edia tely  th e re a f te r ;  th a t  oviposition ends 
ab o u t  J u ly  31 b u t  the feeding p u n c tu re s  continue until  cold weather  al­
though  ra th e r  u n im p o r ta n t  a f te r  A ugus t  10. Lead arsenate,  2 lbs. or 
m ore  in 50 gals, of w a ter ,  applied seven to ten days, and again three  weeks 
a f te r  the calyx spray , seems to be the most effective fo r  m ateria l  and time. 
Calcium a rsen a te  and  serflium fluosilicate are effective but liable to in jure  
f ru i t  and  foliage. Fish oil and molasses each tend  to increase the effect­
iveness of  the lead arsenate.  Following this t rea tm e n t ,  o rchard  tests 
have given 91 per  cent con tro l  as com pared  with 91 p e r  cent in ju ry  on 
a d jacen t  u n t r e a te d  areas.
Contro l  of Red Spiders on Greenhouse Cucumbers.  (W. D. Whitcomb, 
W a l th a m ) .  Studies du r ing  1926 and  1927 show t h a t  the  greenhouse red 
spider may be effectively contro lled  in all stages by sp ray in g  with highly 
refined white m ineral  oil emulsion if  no carbolic  or  eresylic compounds 
a re  used in its p rep ara t io n .  I t  can be applied to greenhouse  cucum bers at 
the ra te  of 1 p a r t  in 99 of water ,  except when su lfu r  fungicides are also 
used.
Red spider is also effectively contro l led  by th ree  or m ore  fum igations 
with naphtha lene ,  lVs  to 3 ounces pe r  1,000 cubic feet,  with enough heat 
to  vaporize the m ate r ia l  in n o t  less th an  six hours.  D u r in g  this t ime the 
house tem p e ra tu re  m ust  be 75°F. or above, and h um id i ty  75 p e r  cent  or 
higher. The  cucum bers t a s te  and smell o f  the n aph tha lene  bu t ,  never the­
less, this t r e a tm e n t  is being used by  m a rk e t  gardeners .
Biology and  Control of G a rd en  Cutworms. (W. D. W hitcom b, W al­
th a m ) .  Seven ty- th ree  different kinds have been collected o r  reared. 
Screen t ra p s  have been used very successfully fo r  collecting these insects 
to provide m ate r ia l  for  the  experiments ,  and con tro l  tests show t h a t  a 
m ix tu re  of 25 pounds of b ran ,  1 p o u n d  of Par is  green, 1 q u a r t  of cheap 
molasses and 2 gallons of w a te r  gives effective control.  Sodium fluosili- 
ca te  and white  arsenic prove  less effective th a n  P a r i s  green. Applica t ions
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should be repeat,ed a t  about  ten-day in te rvals  to reach cu tw orm s which 
m ig ra te  to the ga rden  from  outside.
Biology and Contro l  of  the C a rro t  R ust  Fly. (W. D. W hitcom b, W a l ­
th a m ) .  The Hies w inter  as pu p ae  in the  soil and em erge  ear ly  in June .  
Many eggs are laid by the middle of  the m onth ,  and the larvae  a re  a b u n d ­
ant  on c a r ro ts  fo r  a bou t  a m onth  th e rea f te r .  A second genera t ion  p r o ­
duces m aggots  which a t ta ck  the ca r ro ts  f rom  the middle of  A u g u s t  to the 
middle of  September.  C a rro ts  p lan ted  in April or May are  severely a t ­
tacked, but p lantings in J u n e  a re  qu ite  free f rom  in ju ry  by the first gene­
ra tion of flies.
Against  the first genera t ion ,  a spha lt  mulch paper ,  D err is  com pounds ,  
corrosive sublimate  and sodium fluosilicate gave very e n co u rag in g  results ,  
but proved quite  ineffective aga ins t  the second genera tion .
D E P A R T M E N T  O F  F A R M  M A N A G E M E N T  
J.  A. F o o rd  in Charge
Although some investiga tional  work has a lways been car r ied  on in the  
departm en t ,  and small  g ra n ts  had been made f rom  E x p e r im en t  S ta t ion  
funds f rom  time to t ime, the research  work  has been regu la r ly  organ ized  
in the d e p a r tm e n t  only within the  per iod  covered  by this report .  An I n ­
vest igator was appo in ted  in J a n u a ry  and an A ssis tan t  in M arch  1928, as 
noted elsewhere.
The first p ro jec t  outlined  and approved  was on the  “ Com petitive  S ta tu s  
of Massachusetts  F a rm  E n te rp r is e s” and two bulle tins have been p u b ­
lished, abs trac ts  of which are  given in the Lis t  o f  Publications.  W ith  the 
growth and developm ent of  the w ork it  has seemed best to supersede  the 
first p ro jec t  by fo u r  o thers  a lit tle  m ore  closely in line with the needs 
as they a p p ea r  today. These are as follows:
E n te rp r ise  Relationships and  F a r m  O rgan iza t ions  on Selected Dairy  
Farm s in W este rn  M assachusetts .  (R. L. Mighell and  Marian B row n).  
This p ro jec t  aims to obtain  f ro m  se lected da iry  fa rm s  basic d a ta  both on 
dairy ing and on various su p p lem en ta ry  en te rpr ises  which can be used in 
p lanning the most  profitable fa rm  organ izat ion .  Following a  s tu d y  of 
fa rm  m anagem en t  survey records,  and o th e r  da ta ,  and some field study, 
approx im ate ly  25 fa rm s  were chosen in F ran k l in  and  B erksh ire  Counties.  
Inventories have been taken  and records a re  being kep t  o f  essential  i tems 
of fa rm  business including labor.
The Place of P o u l t ry  P roduc t ion  on M assachuse tts  Fa rm s.  (R. L. Mig­
hell and F. H. B ran ch ) .  U n d e r  this p ro jec t  a s tudy  and analysis has been 
made of 400 yearly records of M assachuse tts  p o u l t ry  o p e ra to rs  collected 
by the Extension Specialis t of  the D e p a r tm en t  in connection with a n o th e r  
study. The sta tis t ical  method was used to de te rm ine  the im p o r ta n t  
factors affecting profits. The  average  re la tionship  between var ia t ions  
in annual  egg p roduc tion  per bird, d iversity  of business, ra te  of  flock 
reduction, price, and  fall egg p roduction ,  and labor  re tu rn ,  a re  be­
ing determ ined  by corre la t ion  analysis. Pub lica t ion  o f  results  may be 
expected early  in 1929.
Types of F a rm in g  in Massachusetts ,  1840-1925. (M arian  B ro w n ) .  Most 
of the census m ate ria l  available fo r  th is  s tu d y  has been compiled, to ­
ge the r  with non-sta tis t ical  m a te r ia l  fo r  several lead ing  fa rm  enterprises .
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F ac to rs  Responsible for  V a r ia t ions  in Physical P roduc t ion  and  Economic 
Costs of Milk in Massachusetts .  (R. L. Mighell and M arian  B ro w n ) .  A 
de te rm ina tion  of the influence of different p roduc tion  pract ices  on milk 
p roduc tion ,  and how these prac t ices  would need to be changed un d e r  
changing economic conditions, is the ob jec t  of this pro jec t.
An initial s tudy has been made of H e rd  Im provem en t  Association 
records in the  Sta te .  This will be continued, and fu r th e r  s tudy  will be 
m ade  of the records of the College and  E x p e r im en t  Sta tion  Herds.
O ther  Activities of  the D epar tm en t .  Both  the Research  and Extension 
Specia lis ts  have been m em bers of the College committee  on the Economics 
S ta tu s  of M assachusetts  A gr icu ltu re ,  and in this  capacity  con tr ibu ted  freely 
in the  publica tion  of E xtension  leaflet No. 119, P o ta toes  in Massachusetts 
F a r m  E co n o m y  (16 p a g e s ) ;  and E xtension  leaflet No. 20, D a iry  Replace­
m ents  in M assachuse tts  (16 pages).  W hile no t  un d e r  a definite research 
p ro jec t  these pub lica tions  called fo r  the collection and in te rp re ta t ion  of 
m a n y  d a ta  and were published in response to a definite need.
D u r in g  the  last  y e a r  the D e p a r tm en ts  of F a rm  M anagem ent  and Agri­
cu ltu ra l  Econom ics have coopera ted  in s t a r t in g  a m onth ly  publication called 
“ F a r m  E conom ic  F a c ts ” . A l though published by  the Extension Service, 
m a te r ia l  has been con tr ibu ted  by the  Research  as well as the Extension 
Staff.
D u r in g  the  sum m er  o f  1928 the d e p a r tm e n t  cooperated  with the de­
p a r tm e n ts  of A g ronom y and P lan t  and Animal Chemistry in po ta to  tria ls 
on the  College F a rm  covering five different sp ray ing  mixtures,  and dif­
fe ren t  am o u n ts  of  seed and ferti l izer. The l a t te r  was suggested by the 
findings in the  survey w ork  upon which Bulletin 240 was based. The re­
sults of the  sp ray ing  w ork are being reported  by the  D e p ar tm en t  of Plant  
and Animal Chemistry.  Due  to soil va r ia t ions  and the unfavorab le  sea­
son, resu lts  on seeding and fe rti l ization were inconclusive and the work 
will be repea ted .
F E E D  C O N T R O L  S E R V IC E  
Philip  H. Smith in Charge
The  w ork o f  Feed Control Service comprises not only feed inspection 
b u t  several o ther  activit ies, as listed below:
Feed Control (General  Laws, 1920, C h ap te r  94)
Seed Control (General  Laws, 1927, C hap te r  94)
D a i ry  L aw  (General  Laws, 1920, C hap te r  94)
Advanced R egis try  Tes ting  
Miscellaneous work
Feed Control.  (P. H. Smith,  H. R. DeRose, J .  W. Kuzmeski,  M. W. 
Goodwin, F. A. M cLaughlin ).  D u r in g  1927, 1602, and 1928, 1600 samples 
of  feeding stuffs were collected and examined in our  labora tories .  No local 
prosecu tions fo r  violations of the feeding stuffs law were a ttem pted .  Acting 
as Federa l  inspectors,  our  agents  have drawn abou t  30 samples of in te rs ta te  
sh ipments of  feeding stuffs which previous analysis had shown to be below 
g u a ran tee  in pro te in ,  f a t  o r  fiber. These samples a re  subm itted  to the 
Food, D ru g  and Insecticide A dm in is tra t ion  L ab o ra to r ie s  of the Federal 
G overnm en t  who, if  action is th o u g h t  advisable, proceed d irectly  against 
the  m an u fa c tu re r .  I t  is th ough t  t h a t  this is a more sa t is fac to ry  m ethod  
o f  p rocedure  than  to prosecute  the local dealer  who is in all p robab il i ty  
selling th e  goods with the  belief t h a t  they  are  as represented .
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Seed Control.  (O. \Y. Kelly, C. L. B eane) .  A new seed law adm in is te red  
by the S ta te  D e p a r tm e n t  o f  A gr icu ltu re  became effective Nov. I, 1927. 
A seed labora to ry  for the exam ination  of official samples collected by the 
D e p a r tm en t  of A g r icu ltu re  has been established a t  the E x p e r im e n t  S ta ­
tion. This w ork  also includes the exam inat ion  of seed samples subm itted  
by seedsmen, fa rm ers ,  and  others ,  for  which a fee sufficient to cover the 
actual cost is charged. D u r in g  the p re sen t  year,  in add it ion  to e s tab ­
lishing the l ab o ra to ry  th e re  have been exam ined  80 samples of  seeds and  
seed m ix tures fo r  p u r i ty ,  4S9 fo r  g e rm inat ion  only, and  220 samples fo r  
both pu r i ty  and germ inat ion  tests. A la rg e r  n u m b er  of samples will be 
examined in 1929. The first  year 's  w o rk  has d em o n s tra ted  the  value of 
seed inspection service. In  addit ion  to the  l a b o ra to ry  exam inations ,  field 
tests  have been conducted  on clovers and a lfa lfas  by the  D e p a r tm e n t  of 
A gronom y, and upon  vegetable  seeds by the  M ark e t  G a rd en  Fie ld S ta ­
tion, in o rde r  to de te rm ine  t rueness  to type.
Dairy Law. (P. H . Smith,  J .  T. H o w ard ,  H. L. Allen) .  The  work 
under  this law  involves:
1. The tes t ing  o f  Babcock g lassware  fo r  accuracy.
2. The exam inat ion  and  a w ard  of certificates of  proficiency in the  use 
of the Babcock tes t  to applicants.
3. The  annual  inspection o f  c reameries ,  milk depots ,  and b o a rd  of 
health labora to r ies  where  the  te s t  is used as a  basis fo r  fixing the  value 
of milk and  cream.
D uring  the  two years  end ing  D ecem ber  1, 1928, 15,253 pieces of B a b ­
cock glassware were  tested.  C ondem ned  bottles  am o u n te d  to less than  
one p e r  cent  of the  to ta l  tested.  One h u n d re d  and  f o r ty - fo u r  certificates 
of proficiency were aw arded .  In  1927, 136 cream eries ,  milk depots ,  and 
milk inspectors’ labora to r ies  were visited in o rd e r  to check m ethods  and 
pass upon equ ipm ent  in use. This w o rk  has n o t  been comple ted  fo r  1928.
Advanced R egis try  Testing . (P. H. S m i th ) .  The te s t in g  of p u re  bred  
cows for  advanced reg is try  in coopera tion  with b reeders  and  p u re  b red  
cattle  associations has been u n d e r  the d irec tion  o f  Feed Contro l  since its 
beginning in 1902. F o r  several years  the  volume of w ork  has n o t  m a te r i ­
ally changed. The  average  m onth ly  reco rd  shows a bou t  e igh ty  fa rm s  hav­
ing cows on test,  a bou t  600 cows un d e r  tes t,  and from  eight  to  ten  
supervisors con tinuously  on the  ro a d  to care  fo r  the  work. A dvanced  
Registry Tes t ing  is su p p o r te d  en ti re ly  by the  b reeders  h av ing  animals 
under  test.  R e im b u rsem en t  is m ade  n o t  only fo r  the  supervisors ,  b u t  
fo r  the office expenses as well.
Miscellaneous W ork .  (P. H. Smith,  H. R. DeRose, J .  W. Kuzmeski,  M. W. 
Goodwin).  The resources of th is  d e p a r tm e n t  a re  available  fo r  the  analysis 
of  milk, c ream, and feeding stuffs subm itted  by fa rm e rs  and  others. F o r  
this service a fee is usually  charged. A considerable  n u m b er  of analyses a re  
also made fo r  o ther  d ep ar tm en ts  of the  College in connection  with ex­
perim enta l  work. Especial  equ ipm en t  has been installed  fo r  d ry ing  large  
samples of  fo rage  crops.
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S u m m a ry  o f  M isce llan eo u s  W o rk , 1927-1928
M aterial Sen t In
Milk and cream, b u t te r  fa t  only 
Milk, solids and  fa t  
Feeds 
* W aters
For O ther D epartm ents o f E xperim ent S ta tion  and College
C ucum ber  leaves f rom  M arket  G arden  Fie ld S ta t ion
(S ta rches  and sugars)  1 m o n th ’s work
M oisture  tests ,  F o ra g e  Crops 4,85
Complete  fodder  analyses 253
M oisture  tests and n i trogen 55
* W ork  o f w a te r  an a ly s is  tu rn e d  over to  D e p a r tm e n t o f  B ac terio logy  on J u ly  1, 1928.
735
368
221
68
F E R T I L I Z E R  C O N T R O L  S E R V IC E
H. D. Haskins in Charge
Fer t i l ize r  Inspection. (H. D. Haskins,  H. R. DeRose, M. W. Goodwin, 
J .  W. Kuzm eski) .  During  the season o f  1928, 105 m an u fac tu re rs  and their 
subsid iaries  have reg is te red  in M assachusetts  610 brands of fertilizer, fer­
til izing m ate ria ls  and  a g r icu ltu ra l  limes. The  following table  shows the 
n a tu re  o f  these m ate ria ls  and the ex ten t  to which they  have been inspected.
M aterial
B rands
Registered
Brands
Collected
Sam ples
Collected
N um ber of 
A nalyses
M ixed fertilizers 348 324 1015 443
G round bone, tankage and fish 63 58 149 75
N itrogen products 78 71 207 126
P hosphoric acid products 29 28 100 40
P o tash  products 29 25 66 44
Pulverized  n a tu ra l m anures 20 20 75 23
M iscellaneous m aterials 14 15 29 23
Lim e products 29 30 66 30
T otals 610 571 1707 804
In the  y e a r ’s inspection, 21,576 sacks were sam pled rep resen t ing  8,601 
tons o f  m ate r ia l ;  abou t  300 towns and  su b u rb an  dis tr ic ts  and  900 agents 
were visited.
F ro m  Ju ly  1, 1927, to Ju ly  1, 1928, the  following tonnages  of ferti l izer 
and p lan t  food were sold in Massachusetts :
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F e r t i l iz e r  a n d  P la n t  F ood  T o n n a g e
Tonnage
A ctual P lan t Food
A ccording A vailable
to  T ype N itrogen Phosphoric Acid P o tash
M ixed fertilizers
F ertilizer chem icals and  m aterials
47,626 1,887 3,688 2,883
unmixed 19,644 1,177 1,924 667
Pulverized na tu ra l m anures 3,188 89 54 88
T otals 70,458 3,153 5,666 3,638
Full details  of  the fe rti l izer  inspection work m ay be fo u n d  in Bulletin 
No. 45, Control Series, pub lished  in Decem ber,  1928.
Miscellaneous analy t ical  work. (H. D. Haskins,  H. R. DeRose, M. W. 
Goodwin).  D u r in g  the  per iod  f rom  N ovem ber  1, 1927, to Apri l  1, 1928, 
the usual a m o u n t  of  coopera tive  chemical w ork  was done on prob lem s of 
o ther d ep ar tm en ts  of  the  inst i tu t ion . Its genera l  n a tu re  is shown f rom  
the  following su m m ary :
29 samples of tobacco stalks,  p a r t ia l  ash analysis 
3 samples tobacco leaves, fo r  p a r t ia l  ash analysis
30 samples t im o thy  decoction residues: dry m a t te r ,  ash and  n i trogen
36 samples t im o th y  decoction:  to ta l ,  am m oniacal  and n i tr ic  n itrogen ,
and tes ting  fo r  organ ic  toxins.
207 samples mil let:  d ry  m a t te r  and n i trogen
29 samples processed organ ic  am m onia tes :  to ta l ,  insoluble, am m oni­
acal and ni tr ic  n i trogen, insoluble ni trogen act iv ity  tests ,  to ta l  
phosphoric  acid.
10 samples t im o th y  cover crop fo r  p a r t ia l  ash analysis
I h e  d e p a r tm e n t  has also m ade  the fo llowing analyses fo r  inst i tu t iona l  
depar tm ents ,  fa rm ers ,  and fa rm  service o rgan iza t ions:  fe rti l izers 42, soils 
12, m anures  3, lime p ro d u c ts  3. F o r  this service, outside  o f  d e p a r tm e n ta l  
work, the E x p e r im en t  S ta tion  receives compensation.
In addition  to this ,  the d e p a r tm e n t  has p e r fo rm e d  the usual coopera tive  
work with referees of  the Association of Official A g r ic u l tu ra l  Chemists on 
s tudy ing  new and  existing m ethods o f  analysis.
Vegeta tion  P o t  E x p e r im en t— Season of 1928. (H. 1). Haskins and
A. B. B eau m o n t) .  This experim ent,  com prising  131 pots, was conducted  
in the s tudy  of the  n i trogen availabili ty  of  low g rade  organ ic  substances 
high in n i trogen which have g radual ly  rep laced  anim al tan k a g e  an d  fish, 
fo rm er ly  large ly  used in mixed fertilizers. Results a re  r ep o rted  in Control 
Bulletin 45.
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D E P A R T M E N T  O F H O M E  E C O N O M IC S R E S E A R C H  
E sth er  S. Davies in Charge
The  Food  Consum ption of R ura l  School Children in Relat ion  to Their  
Health .  (E. S. Davies) .  W o rk  on this p ro jec t  has been completed  and  the 
resu lts  published as Bulle tin  241. (See list of publica tions).
P re sen t  Prac tices  of  M assachusetts  E lem en tary  Schools with R egard  to 
School Feeding and T ran sp o r ta t io n  and Their  Effects upon Health  of 
Pupils.  (E. S. Davies and C. B. Church.) .  In  the  course of the survey 
fo r  the  p reced ing  p ro jec t ,  i t  became evident  t h a t  an  im p o r ta n t  fac to r  in 
th e  food prac t ices  of  the  children of e lem entary  school age is the  type 
of noon m eal;  and  t h a t  the o rgan izat ion  of the  public  schools tends more 
an d  m ore  to  m ake  it  necessary fo r  this noon meal to be eaten  a t  the 
school house. The consolidation of r u ra l  schools, moreover, always in­
volves the  t ra n s p o r ta t io n  of a  large p ropor t ion  of the pupils, which in tu rn  
affects the  length  of t ime th e  children m ust  be away from  home and 
ra ises  quest ions as to the  possibility of increased fa tigue  and exposure; 
as well as increas ing  the n u m b er  of those who m ust  eat  the noon meal 
aw ay  from  home. I t  was,  there fo re ,  deemed Muse to u n der take  an investiga­
t ion  of the p re sen t  p ract ices  of  the schools of the 237 Massachusetts towns 
o f  less th an  5,000 populat ion ,  with reg ard  to t ran sp o r ta t io n  of elementary 
school pupils and  the  facili ties p rovided fo r  food service, in the belief that  
these have a close re la tion  to  the physical welfare  of the children.
This  s tudy  is being p u rsu ed  by conferences with the superintendents 
o f  schools, visits to  the  teachers  a t  the  school houses,  and, finally, by per­
sonal inspection o f  food services and ac tua l  experience in using the trans­
p o r ta t io n  facilit ies.  To supp lem en t  the  in fo rm at ion  thus obtained, ab­
s t ra c ts  a re  m ade  of the  medical exam inat ion  records in certain towns, to 
s tu d y  the  c o m p ara t iv e  physical s ta tu s  of  the pupils f rom  year  to year. 
As a n o th e r  angle of  ap proach  to the  solution of the  problem, in a num­
b e r  of rep re sen ta t ive  school rooms, sca t te red  th ro u g h o u t  the  state, the 
teach e rs  a re  keeping deta iled records of the du ra t io n  and real cause of 
all absences d u r in g  the  c u r re n t  school year.
The field w ork  on this p ro jec t  c an n o t  be comple ted  before  the close of 
the  school year  nex t  June ,  b u t  cer ta in  tendencies  seem clearly  defined in 
the  p a r t  of the  w ork  which has a lready  been finished. The num ber of 
schools in which provision is made fo r  y e a r- ro u n d  serv ing  of a  hot food 
or d r ink  a t  noon is a lm ost  negligible;  a n d  the  n u m b er  prov id ing  such 
service d u r in g  the cold w ea th e r  is less th an  ha lf  the  to ta l  num ber  of 
schools. M id-m orn ing  milk service is p ract ica lly  non-existent.
T ran sp o r ta t io n  is genera lly  p rov ided  only along the  main highways, the 
children w alking to assembling points. I t  is the unusua l  town th a t  p ro­
vides shelter  f rom  the  w ea th e r  a t  these places where  the pupils wait  for the 
bus;  and, since schedules a re  f requen t ly  u ncer ta in ,  m an y  young  children 
m ust  wait  f rom  ten m inutes  to ha lf  an hour  out in the open, regardless 
of weather.  T ran sp o r ta t io n  also tends to lengthen the  t im e away  from 
home, a lthough the experience of two towns proves t h a t  much of this 
difficulty could be obviated  by carefu l  p lann ing  of the rou tes  and  ad ap ta ­
tion of the length of school sessions to the  age of the children as well as to 
the  res tr ic tions  on t r a n sp o r ta t io n  inheren t  in the  g eography  of the town.
M assachusetts  was the first s ta te  in the union to have a consolidated 
ru ra l  school; and it is hoped th a t  the facts  b ro u g h t  to l ight by the  p ro ­
je c t  now un d e r  way will provide in fo rm a t io n  needed to enable the  ru ra l  
towns of the s ta te  to be the first  to have ideal consolidated  schools.
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D E P A R T M E N T  O F  H O R T IC U L T U R A L  M A N U F A C T U R E S  
W. W. Chenoweth  in Charge
The E x trac t io n  of F ru i t  Ju ices by H eat .  (C. R. Fellers and  F. P. 
Griffiths).  Methods of e x trac t io n  of f ru i t  .juices a re  being s tud ied  to 
de termine  which m ethods will give m ax im um  yields of .juice and  je l ly  of 
good quali ty. Apples were  first  used. This w ork  has been com ple ted  and 
is published as Technical Bulletin  15.
The work has been con tinued  with small  f ru i ts  including raspberr ies ,  
blackberries,  blueberries,  cu r ra n ts ,  c ranberr ies ,  and plums. The  results 
indicate th a t  two successive shor t  ex trac t io n s  with ap p ro x im ate ly  one-half  
as much w a te r  as f ru i t  give the most je l ly  of  o p t im um  quality .  The  chem ­
ical composit ion of these f ru i ts  is also be ing  studied.
In the course of the s tudy a  rap id  cen tr ifuga l  m ethod  fo r  the  d e te r ­
mination of pectin has been w orked  o u t ;  also a m ethod  w hereby  the  Bloom 
gelometer can be used to de te rm ine  the  je l ly  s t ren g th  o f  f ru i t  .jellies. 
These are described in the above-m entioned  bulletin.
M an u fac tu re  and  P re se rva t ion  of C ra n b e r ry  Produc ts .  (C. R. Fellers 
and F. J.  G riff i ths) .  To da te  ab o u t  4000 cans o f  c ran b e r ry  sauce have 
been packed in various types of t in  and  glass conta iners ,  s to red  a t  several 
different t e m p e ra tu re s  and periodical ly  exam ined  fo r  d iscoloration, co r­
rosion, pe r fo ra t ion ,  flavor, color and je l ly  s treng th .  The  charcoal  p la te  
re-enameled tin can was the  bes t  conta iner.  The  s to rage  t e m p e ra tu re  for 
c ranberry  sauce was a very im p o r ta n t  f a c to r  in p rev en t in g  d e te r io ra ­
tion and loss. The cooler the  t e m p e ra tu re ,  the b e t te r  the sauce re ta ined  
its original fine quali ty ,  color and flavor. A t  o rd in a ry  tem p e ra tu re s ,  c r a n ­
berry sauce will keep in good condition fo r  a t  least  a  year. Yield studies 
showed th a t  one p o u n d  of c ranberr ies  will p roduce  from  2 to 3 pounds 
of solid sauce depending  upon w he ther  the  berries  are whole, s t ra ined ,  or 
chopped. The d iscoloration of sauce was hastened  by exposure  to fe rric  
iron and oxygen.
The pectin, acid and su g a r  con ten t  of c ranberr ies  p icked a t  var ious 
times du r ing  tine season has been de te rm ined  in an a t t e m p t  to co rre la te  
these fac to rs  with sauce m an u fac tu re .  A l though the to ta l  pectin  con ten t  
does not va ry  a g re a t  deal d u r in g  m a tu r i ty ,  there  is a g ra d u a l  lowering 
of its jel l ify ing  power,  and f ru i t  which has been sto red  fo r  a few weeks 
gives reduced yields of sauce. G re a t  indiv idual  va r ia t ions  am o n g  c ra n ­
berry varieties were noted. “ F lo a te r s ” and frozen c ranberr ies ,  if p ro m p tly  
utilized were found  suitable  fo r  sauce m an u fac tu re .  I f  decayed f ru i t  
has been used to p re p a re  sauce, the am o u n t  of decay can be de te rm ined  
approx im ate ly  by m eans of a microscopic exam inat ion  of the  sauce.
These c ran b e rry  inves tigations have been car r ied  on in close coopera tion  
with the c ran b e rry  growers and packers ,  the A m erican  C ra n b e r ry  E x ­
change, and the Am erican and Continen tal  Can Companies. The  cans 
and sealing equipm ent were donated  by the  can m an u fac tu re rs .
Util zation of Onions by Canning. (C. R. Fellers and F. J .  Griff i ths) .  
This p ro jec t  has been in progress  one year. The  a t t e m p t  has been made to 
utilize by canning, d ry ing  or pickling the cull and off-grade onions p ro ­
duced in this S ta te  in g rea t  quantit ies.
L arg e  experim ental  packs of onions were canned  in m any  types  of con­
tainers ,  by various methods,  and sto red  a t  different tem p era tu res .  Due 
to severe d iscoloration of the canned  p ro d u c t ,  onions have no t  been 
canned  successfully he re to fo re  in quan ti ty .  In an a t t e m p t  to e liminate
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this  defect,  cans with an inside enamel of zinc oxide were used with ex­
cellent results .  By slightly a l te r ing  the hydrogen ion concentra tion  of the 
brine by the addition of a very small am o u n t  of an organic  acid, the onion 
could be steril ized by boiling fo r  from  45-60 minutes and still remain 
firm and whole within the can w ithou t  in ju ry  to the flavor. It is hoped 
th a t  m ark e ts  fo r  canned onions may be found.
Dried  onions when firmly g round  make an excellent “ onion flavor” for 
use in cooking. I t  re ta ins its color and flavor very well fo r  a t  least  a 
year  and has proved  very pop u la r  wherever used. A fu r th e r  s tudy of 
this p ro d u c t  is proposed.
Pre l im inary  studies on pickling small  onions have been uniform ly  suc­
cessful except for  the occasional developm ent of  yellow spots on the 
pickled onions. This defect  requires study.
(See also the re p o r t  of  the D e p a r tm en t  of P lan t  and Anim al Chemistry).
The N itrogen D istr ibution  of the Edible  Por t ion  of the Onion. (P. P. 
Griffi ths).  W ork  has been begun on this p ro jec t ,  bu t  definite results  are 
n o t  yet forthcoming.
Utilization o f  New E n g lan d  F ru i t s  in Frozen  Dairy  Products .  (C. It.
Fellers and F. P. Griffiths in co-operation  with the D e p a r tm en t  of  Dairy 
H u sb an d ry ) .  An experim ental  pack of 190 one-gallon cans of frozen s t ra w ­
berries (10 var ie ties) ,  raspberr ies  (3 va r ie tie s) ,  cherries (2 varie ties) ,  
blueberries,  and peaches (4 varieties) was made with a view to studying 
the use of these frozen f ru i ts  in the m an u fa c tu re  of  frozen da iry  products  
such as ice cream, sherbets , and ices. The effect of  different am oun ts  and 
kinds of su g a r  and of various m ethods of pack ing  and handling, as well 
as var ia tions  in the technology of f ru i t  ice c ream  m an u fac tu re ,  has been 
studied. It is also proposed to com pare  fresh, frozen and canned  fruits .
D E P A R T M E N T  O F L A N D S C A P E  G A R D E N IN G
F. A. W au g h  in Charge
Lawns and Lawn Grasses and  Law n M anagem ent.  (L. S. Dickinson). 
The necessity fo r  co rrec t  fert i l izat ion  of the  lawn from  its s t a r t  is very 
clearly  shown on the five-year-old lawn plots. Complete changes in grasses 
have been b ro u g h t  a bou t  by fertilizers, bu t  du r ing  the change  crab  grass 
has been very p ro m in en t  on both  acid and alkaline plots. This is due to 
the fac t  t h a t  the grass th a t  is being d iscouraged  by a fe rti l izer  is not 
replaced rap id ly  enough by a n o th e r  grass, the  vacancies being taken by 
crab grass. On no plots where  clover was p lentifu l  was c rab  grass ob­
served. M any varieties of  weeds a re  found  on the alkaline plots , and 
only a few on the acid.
The series of  plots to de term ine  the desirability  of add ing  phosphoric 
acid and potash  to n i trogenous  ferti l izers shows, a f te r  fo u r  years,  th a t  
on ra th e r  heavy soil po tash  is no t  desirable. B ents  are doing best on the 
p lo t receiving acid n i trogen  plus phosphoric  acid; fescues show best on the 
plots receiving acid n itrogen a lone;  and the blue grasses find weed compe­
tit ion too g re a t  in the plots receiving a lkaline  n i trogen  plus phosphoric 
acid plus potash.
The p u t t in g  green plots were used to make observations which might 
help in the a ccu ra te  pred ic tion  of a t tacks  of the  b rown pa tch  disease. 
Seven a t tacks  occurred ,  all of  which s ta r te d  between the tem p e ra tu re s  of 
62° and  68°F., a f te r  a heavy sa tu ra t io n  of the soil f rom  rain or the  grass-
B I E N N IA L  R E T O R T , 1927 AND 1928 327
by very heavy dew, combined with a sudden fall in te m p e ra tu re  to within 
the  above limits.
Fif ty-six  plots have been established in coopera tion  with the  t nited 
S ta tes  Golf Association, and nine plo ts  have been established un d e r  t rees  
to s tudy shade-enduring  grasses.  Many new s t ra ins  o f  ben t  have been 
added to the  t u r f  nu rse ry  and m an )  da ta  have been ob tained  fo r  f u r th e r  
study.
D E P A R T M E N T  O F P L A N T  A N D  A N IM A L  C H E M IS T R Y
J.  B. Lindsey in Charge
The Efficiency of Copper Fungicides.  (E. B. H o l lan d ) .  Addit iona l  
work has been carr ied  ou t  in the lab o ra to ry  re la tive  to the p re p a ra t io n  
of low and high basic copper  su lfa tes  and  th e  m a n u f a c tu r e r  advised as 
to the best m ethod of procedure .
Field experim ents  were conducted  with high basic su lfa te  in 1927, and 
with low and high basic su lfa tes  in 1928. The m ate r ia ls  were used both 
as a spray  and as a dust  mixed with a  f ree  flowing talc, and were com­
pared  with various comm ercial  p ro d u c ts  o r  B ordeaux  on apples, grapes,  
celery and potatoes.  The results  a re  p rom is ing  as a whole, a l though  the 
physical p ropert ies  of  the fac to ry  p re p a re d  basic su lfa tes  a re  u nsa t is fac ­
to ry  and dem and  serious a tten tion .
A num ber  of p ap ers  have a lready  been published  on this p ro je c t  (see 
list of publications in this r e p o r t )  and it is hoped to publish deta ils  of the 
field work at an ear ly  date .
N itrogen In tak e  of H av an a  Tobacco in Relat ion  to N it rogen  Synthesis 
and Quality  of  Leaf.  (E. B. H o l lan d ) .  The chemical w ork  in connection 
with this p ro jec t  has consisted thus f a r  of  a s tudy of the  different  form s 
of n itrogen in p lan ts  grown in the greenhouse  in n u t r ie n t  solutions, the  
object being to discover if  possible the  effect on g row th  and qua li ty  of  leaf.
Samples from  different pa r ts  of the  p lan t  g rown in the field with the aid 
of different fert i l izer  m ix tu res  will also be analyzed. The analy t ica l  work 
with the field samples will be confined la rge ly  to the  n i trogenous  com­
pounds and to the ash,  a lthough  the  c a rb o h y d ra te s  will also be given some 
attention.
The D e p a r tm en t  of A gronom y rep o rts  fu r th e r  on this p ro jec t.
N itrogen F ixa tion  in the  Presence  of o r  as a  Result  of  the G ro w th  of 
Legumes versus N on-Legum es un d e r  C erta in  Defined A gronom ic  C ondi­
tions. (F.  W. M orse).  The crop grown on this field in 1927 was Golden 
B an tam  sweet corn. I t  was used to m easure  the  residual  n i trogen  and 
was p lan ted  on both legume and  non-legume areas. In the  sp r ing  of 1928, 
the legume plots' were seeded with  red  and alsike clovers while the  non­
legume plots were seeded with t im o th y  and red  top  grasses. The  catch 
was good and the  g row th  was f a i r ;  b u t  owing to the  ex trem e  wetness of 
Ju ly  and A ugus t ,  weeds, consisting  of b a r n y a r d  grasses and  pig-weed, 
over-topped the clover a n d  t im o th y  when the  crop  was harves ted  in 
September.
The am oun ts  of  d ry  m ate ria l  and  of n i trogen  rem oved  from  the legume 
and non-legume areas since the beg inn ing  o f  the ex p er im en t  a re  given in 
the following table. B efore  c u tt in g  the  crop this season, observation  in­
dicated  m ore  growth  on the non-legume th a n  on the  legume areas.  This 
was confirmed by the yields of d ry  m atte r .
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A lthough no n itrogen has been applied to Plots 7 and 9 since 1882 anil 
p robab ly  an earl ier  date,  the non-legume areas have not de te r io ra ted  in 5 
years  and in 1927 and 1928 were even superior in weights of  dry  m a t te r  
and  n itrogen removed in the crops..
D ry  M a tte r  and N itrogen Removed from  Plots T rea ted  with N itrogen 
(K ilogram s per Acre.)
Legum es alternating w ith corn
1924 1925 1926 1927 1928
r io t C lover C orn Soy beans Corn C lover
7 D ry  m a tte r 1552. 1476. 1504. 1084. 1214.
9 D ry  m a tte r 1868. 1766. 1596. 1164. 1334.
7 N itro g e n 43.2 24.1 35.1 17.9
9 N itro g e n 49.9 29.8 39.9 18.4
N o n - l e g u m e s a l t e r n a t i n g :w i t h  c o r n .
1924 1925 1926 1927 1928
r io t G rass C orn M illet Corn Grass
7 D ry  m a tte r 408. 922. 2206. 1104. 1444.
9 D ry  m a tte r 496. 10 1 0 . 2126. 1294. 1478.
7 N itro g e n 3.4 12.9 16.5 18.7
9 N itro g e n 4.5 13.1 14.0 21.7
A re p o r t  of a n o th e r  phase  of this p r o je c t  is given by the Departm ent  of 
B acter io logy  and  Physiology.
Chemical Changes in the  C ran b erry  du r ing  Ripening and a f te r  H ar­
vesting. (F. W. M orse).  C ran b erry  r ipen ing  has been studied fo r  two 
seasons with the f ru i t  of  1926 and 1927. Two varie ties, E ar ly  Black and 
I ,a te Howes were compared.  Pickings were made a t  weekly intervals from 
the las t  week in A ugus t  when the early  f ru i t  was beginning to redden until  
the first  week in O c tober  when the  late berries  were well colored. W ater,  
su g a r  and  acid ity  were  com p ared  as the g row th  of the f ru i t  progressed.
The  developm ent of  the  berries  resu lted  in a small  percen tage  decrease in 
w a te r  and  doubling  the  su g a r  con ten t  while the acidity  was practically  con­
s ta n t  th ro u g h o u t  the  r ipen ing  process. The ear ly  va r ie ty  was well ripened 
when the  last  p ick ing  was made by the last  week in S ep tem ber;  bu t  the 
la te  v a r ie ty  was n o t  a t  its  m axim um  conten t  of  sugar  until  two weeks 
later.  The  la te  v a r ie ty  is usually  ha rves ted  before  i t  is fully ripe in order 
to escape frost.
The  m ineral m a t te r  con ta ined  in c ranberr ies  was comprehensively studied 
and an article  has been p re p a re d  fo r  publication. Since c ranberr ies  con­
tain  genera lly  less th an  .2 per  cent  of ash the ir  m ineral  const ituents  are 
n o t  str ik ing . As sources of  iodine and m anganese,  they  were found  to 
be re la tively  r icher  in these elements than  some of our  common fruits .
A  S tudy  of the Availabili ty  of Soil Po tash  with the O b jec t  of Developing 
a System of Diagnosis fo r  the Soils of  the Sta te .  (F. A\ . Morse).  Ibis 
p ro jec t  has rem ained  quiescent du r ing  the p as t  year, except  th a t  some 
l i t e ra tu re  has been reviewed to  de te rm ine  the nex t  steps.  The publication 
of soil surveys of the  S ta te  is essential  fo r  the  sa t is fac to ry  p u rsu i t  of the 
p ro jec t .  This p a s t  y ear  a  survey of W o rces te r  C oun ty  has been issued.
U tilization  o f  Onions by  Canning. (C. P. Jo n es) .  Chemical analysis of 
the b lanched edible p o r t ion  of the onion has shown the  following: On the 
green basis (8 f  to 90 p e r  cent w a te r ) ,  the  pe rcen tag e  of to ta l  sugar 
varied  from  a p prox im ate ly  5 to 11 pe r  cent. The p ro te in  con ten t  ranged 
from  a p prox im ate ly  2 to  2.5 per  cent. F a t  and  crude  fiber were found 
in small  amounts.  The  subs tan t ia l  differences in am oun ts  of chemical sub­
stances found  are due to the  fac t  t h a t  two kinds of onions were examined, 
__seed and  set onions. The differences were  found  n o t  only in mois ture ,
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su g a r  and pro te in ,  b u t  also in ash, a lka l in i ty  of ash and  to ta l  su lfu r .  Both 
the calcium and  the magnesium  contents  were equal  in the two kinds of 
onion.
The re la tion  of calcium to m agnesium  was fo u n d  to s ta n d  in a  ra t io  of  
one to one. A field s tudy  of the effect of the ra t io  o f  calcium to m agne­
sium upon the g row th  of the onion would  seem justified.
In the  process o f  cann ing  onions, discolorat ion  o r  d a rk en in g  of the  
tissues has been observed. In o rde r  to m ake  the  canned  p r o d u c t  m ore  
a t t rac t ive  and consequently  salable, the  causes and  p reven tives  m us t  be 
unders tood  and controlled.
Although the pr inc ipa l  oily subs tance  con ta ined  in the onion has been 
sta ted  to be a disulfide o f  ally I, work  thus f a r  has ind ica ted  th a t  m u s ta rd  
oil is p resen t  in add it ion  to the  sulfides of  allyl , in spite  of  the  fac t  t h a t  
the l i te ra tu re ,  with one exception , fa ils  to recognize m u s ta rd  oil as a 
const ituent  of  the onion.
Anthocyan  p igm ents  o f  f ru i ts  have been fo u n d  to reac t  with  meta l  of  
containers, p rod u c in g  various color reac tions with consequent  discolora t ion  
of the canned produc t .
The onion contains a  flavonal pigment.  W o rk  upon this p ig m en t  as well 
as upon the  essential  oils and  th e i r  effect upon m etals is be ing continued.
Lime Pen e tra t io n  Resulting  from  S u r face  A pplica t ion  to P a s tu re  Land .
(P. R. Nelson).  This p ro je c t  has been comple ted  and  p re p a re d  fo r  pub lica­
tion. I t  rep resen ted  a s tu d y  of a G louces te r  sandy  loam in p e rm a n e n t  pas­
ture,  different plo ts  on which had received different  fe rt i l izer  t r ea tm e n t .  I t  
was found t h a t  the  g re a te r  p a r t  of the calcium had  rem a in ed  a t  the  point  
of  application and e xer ted  its influence there. T here  was a s l ight  t rend  
tow ards  a g rad u a l  p en e t ra t io n  to a dep th  of nine inches. Of  the  th ree  
materia ls applied in addit ion  to  the  g ro u n d  limestone,— m u r ia te  of potash, 
acid phosphate  and gypsum — the only one ap p ea r in g  to have the s l ightest  
neutra liz ing  effect upon the soil was gypsum, an d  its effect was quite  
distinct f rom  th a t  caused by the lime alone.
Record of the S ta tion  Herd .  (,J. B. Lindsey and  J .  G. A rch iba ld ) .  The 
s ta tion keeps 12 to 16 cows fo r  its exper im en ta l  work, in addit ion  to young- 
stock. The records fo r  1927 show t h a t  of  the  16 cows in the  h e rd  9 
only represented  the he rd  fo r  the en tire  year.  These 9— of which 7 were 
grade Holsteins, one a high g rade  Je rsey ,  one a p u re b re d  Je rsey — averaged  
10,294 lbs. of milk fo r  the y e a r  tes t ing  12.67% solids, 4%  fa t,  w ith  a  food 
cost of  $176.09 per  cow or 3.76 cents p e r  qua r t .  The food cost was 
based on hay  a t  $20, green  feed a t  $8 a ton and  gra in  a t  m a rk e t  price. 
The complete records fo r  1928 are  n o t  ye t  available.
Milk Substi tu tes  in the G row ing  of Young Calves. ( J .  B. Lindsey and 
J.  G. Arch iba ld ) .  F o r  several years  the  ex p er im en t  s ta t io n  a t  A m h ers t  
has carr ied  on extensive feeding t r ia ls  on the  value of different  feeds fo r  
rais ing young  calves. E x p er im en ts  with calf  meals and  p re l im in a ry  tr ia ls  
with skim milk pow der  were rep o rted  in Bulletin  No. 223. The p ow dered  
skim milk offered the most f ru i t fu l  field fo r  fu r th e r  s tu d y  and d u r in g  the 
past  three  years,  a large  n u m b er  of calves, mostly  h igh-grade  Holste ins,  
have been raised on it.
There  a re  two d istinct types o f  skim milk pow der  on the  m ark e t ,  one 
m an u fac tu red  by the  so-called “ ro l le r” process, the  o th e r  by  the  “ sp ra y ” 
process. Both k inds have been fed a t  the r a te  o f  14 ounces o f  the pow der  
to a  gallon of water. The  pow der  may, however,  be fed as d ilute  as one 
p ound  to  five q u a r ts  o f  water .  The “ ro l le r” process p o w d e r  is m ore  
economical a t  p re sen t  prices and mixes with w a te r  m ore  rapidly.
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In the  earl ier  experiments  the m axim um  am oun t  of  skim milk powder 
(31 Va ounces of the  d ry  powder to 9 q u a r ts  of l iquid) was fed daily until  
the  calves were fo u r  m onths old.
D ur ing  the  pas t  year  calves have been reared  on much smaller  quan ti ­
ties o f  the  powder ,  the  ob jec t  being to cut  the cost.
The  procedure  has been similar to th a t  followed in o u r  earl ier  work 
except  t h a t  when the calves were two m onths of age the ir  daily allowance 
of skim milk pow der  was cu t  to 21 ounces (6 q u a r ts  of liquid) and at 
th ree  m onths  was again cut  to 10% ounces (3 q u a r ts  of  liquid),  and a 
special effort  was made all th ro u g h  the experim ent to induce the calveS 
to ea t  h ear t i ly  of  the dry g ra in  m ix tu re  and rowen.
U n d e r  p re sen t  conditions dried skim milk fed as above suggested offers 
the  best subs t i tu te  fo r  liquid skim milk in the rear ing  of young calves. 
Calf  meals are fa ir ly  sa t is fac to ry  bu t  are ap t  to cause digestive disturbances 
and  do no t  p ro m o te  as rap id  growth.
T he  value of b u t te rm ilk  pow der  fo r  calves has lately been investigated. 
I t  has p ro d u ced  gains a t  a lm ost  the  same ra te  as did the skim milk powder 
and  r a th e r  m ore  economically  because of lower m ark e t  price.  Calves 
do no t  consume it  as readily  a t  first as they do skim milk powder, and it 
has a decided laxa tive  effect in some cases.
This w ork  with skim milk subs ti tu tes  was also r ep o r ted  in the August, 
1928, issue o f  the  E as te rn  S ta tes  C o-opera to r  entit led “ Skim Milk the 
S t a n d a r d ” . The article  was based on a ta lk  given by Mr. Arch ibald  during 
the  1928 F a r m  and H om e  Week a t  M. A. C. M im eographed copy of de­
tailed m ethod  of feeding fu rn ished  on request.
The  V alue  of Calcium Phosphate  in the  P rom otion  of Grow th and 
Milk Produc t ion .  (J.  B. Lindsey and J.  G. Arch iba ld ) ,  This experiment 
has been in progress  fo r  a n u m b er  of years.  I h e  entire  herd  of cows was 
fed a basic ra t ion  low in m inera l  m a t te r ,  and  to one-half  of the herd 
Ihe m inera l  supp lem en t  consisted of especially p re p a re d  bone meal.  The 
results in the  main were negative.  The experim en t  was rep o rted  in the 
P roceedings of the A m erican  Society fo r  A nim al P roduction .  The sup­
p lem ent du r ing  the last  two years  has been a m ix tu re  of 4 p a r ts  of dical­
cium phospha te  and  1 p a r t  calcium carbona te .  The accum ula ted  data  
f rom  this ex per im en t  a re  now being s tud ied  and a final publication re­
viewing our  w ork  with bone meal, and giving in some deta il  the  results 
f rom  the  l a t te r  experim en t  will be ready fo r  the press within a few months. 
The  indications are t h a t  the dicalcium phosphate  and calcium carbonate  
were of some benefit b u t  this is no t  a t  all m arked.
The  Mineral C onsti tuen ts  of F o ra g e  Crops. (J .  B. Lindsey and <1. G.
Arch iba ld ) .  Because of the scarc i ty  of d a ta  available showing the  mineral 
const ituen ts  of  the o rd inary  roughage  grown in Massachusetts ,  numerous 
de te rm ina tions  of calcium and phosphorus  have been made on bo th  the 
roughage  and  g ra in  fed in connection with  our  experim en t  on the need of 
m inerals  by da iry  animals . In  addition, six ty-eight samples of  hay and 
silage were collected in different sections of the Sta te ,  with the aid of the 
county  agents. The entire  analy t ical  w ork  will be published as a p a r t  of 
the publication  on the m ineral  needs of da iry  cattle .
In general,  it can be said t h a t  while indiv idual  samples va r ied  widely 
the  d a ta  showed no p ro n o u n ced  deficit of  m ineral  constituents .
Mineral R equirem ents  fo r  the G row th  of D a iry  Heifers.  (J .  B. Lindsey 
and  ,J. G. A rch iba ld ) .  C om para t ive ly  l it t le  in fo rm a t io n  being available
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in the l i te ra tu re ,  an experim en t  was u n d e r ta k en  some two years  since to 
de te rm ine  as near ly  as possible the  m ineral  requ irem en ts  of  da iry  heifers 
up to two or more years  o f  age. E ig h t  heifers a re  a t  p re sen t  un d e r  test,  
the in take  and outgo of calcium and phosphorus  in each case being ac­
cu rate ly  determined. One g ro u p  is receiving a  d ie t  high in calcium and  
ano ther  g roup  a ra tion  ra th e r  low in this ingredient .  I t  is too early  ye t  to 
d raw  any conclusions from  the da ta  a lready  secured.
D E P A R T M E N T  O F  PO M O L O G Y
F. C. Sears  in Charge
The In te r re la t ion  of S tock and Scion in Apples. (,J. K. Shaw and  J .  S. 
Bailey). The usual observations of the grow th ,  bloom, and  yield have been 
continued. In fo rm at io n  to da te  has been tab u la te d  and a bulle tin  re p o r t ­
ing results is in process of p rep ara t io n .  The  general  results  o f  th is  in­
vestigation seem to indica te  a ra th e r  less influence of s tock than  had  been 
expected. These trees  were g ra f te d  a t  the su rface  of the  g round.  Possibly 
if the union had been h igher  up results would have been different.  The 
results suggest  th a t  s tock  influence is m ore  likely to d w a r f  t rees th an  to 
invigorate  them.
Investigation of the clonal stocks from  E a s t  Mailing, E n g la n d  were 
continued. Mound layer ing  gave ra th e r  p oor  results ,  and a t te m p ts  to 
p ro p ag a te  several of  the stocks from  cu tt ings  p lan ted  in the field re­
sulted in complete fa ilure.  W hen cu tt ings  were g ra f te d  on nurse  roo ts  
from ord inary  apple seedlings,  good success was achieved and p ract ica lly  
all the trees rooted  from  the scion and are  now on their  own roots. A 
considerable num ber  of these stocks were d u g  and  ro o t  cu t t ings  m ade  
and planted  in the sp r ing  o f  1928. A good percen tage  of these s ta r ted  
into growth and bid fa ir  to p roduce  good stocks a l though  the  first sea­
son’s growth is ra th e r  small.
About 300 McIntosh and W ea lth y  trees on E as t  Mailing stocks were 
planted  in the o rchard  in the spr ing  of 1928.
Tree C h a rac te r  of F r u i t  Varieties .  ( J .  K. Shaw and A. P. F rench) .  
F u r th e r  observations have been m ade  on the  var ie ta l  charac te ris t ics  of 
apple and o th e r  nu rse ry  f ru i t  trees.  These observations a re  being b ro u g h t  
together  in a bulletin designed to replace  and ex tend  Bulletin 208, “ L ea f  
Charac ters  of  Apple V arie t ies .” P lans are being made to ex tend  and in­
tensify work un d e r  this p ro jec t  by m eans o f  a nu rse ry  in which will be 
grown all apple varie ties genera lly  p ro p ag a ted  by nu rse rym en.  I t  is 
hoped th a t  in t ime th is  w ork  m ay  be ex tended  to f ru i ts  o th e r  than  apple. 
The results of  this w ork  con tinue  to be applied in a p ract ica l  fashion in 
nurseries, and it  is hoped will resul t  in a subs tan t ia l  decrease  in the n um ­
ber of mixed varieties sold by nurserym en.
The Genetic  Composition of Peaches. (J .  K. Shaw and J .  S. Bailey).  
About 1200 selfed and cross-ferti l ized seedlings resu lting  f ro m  work in 
previous years  were p lan ted  o u t  in the o rc h a rd  in the  sp r in g  of 1928. 
The p a ren t  t rees failed to bloom in the  sp r ing  of 1927 because o f  winter-  
killing of the buds. In 1928 some fu r th e r  crossing  was done, b u t  the 
results were ra th e r  d isappoin t ing  owing to poor  se t  o f  f ruit.
A freezing a p p a ra tu s  fo r  the purpose  of s tudy ing  the  bud hardiness  of  
seedlings and p a re n t  varie ties was co n s tru c ted  in 1927 a n d  fu r th e r  de­
veloped in 1928 by  a t tach in g  to the r e f r ig e ra t in g  p la n t  in the cold s to rag e
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building. This will soon be in operat ion  and promises to furn ish  excellent 
m eans of study ing  bud hardiness. In  this way much m ore  rap id  progress  
can be m ade  than  by waiting  fo r  tes t  winters.
H ead  F o rm a tio n  in Apple  Trees.  («J. K. Shaw ).  t h is  p ro je c t  has been 
completed  and the results published. (Bulle tin  238). The  o rch ard  in 
which these studies were made has been util ized fo r  a fe rt i l izer  experi­
ment. The  trees now receive a m odera te  annual  p run ing ,  excep ting  those 
which have never been pruned. This t r e a tm e n t  is being continued to see 
w ha t  the effect of  no p ru n in g  on young  trees  m ay  be.
Testing Methods of Prun ing .  (J .  K. Shaw ).  This p ro jec t  involves a 
comparison of heavy, l ight and no p ru n in g  in a young  bear ing  orchard. 
Several  varie ties a re  included in this test,  b u t  the results  m us t  be based 
on W ealthy  fo r  the o ther  varie ties  ap p ea r  in re la tively  small numbers.  
The  u n p ru n e d  trees  are developing very th ick  tops,  especially on some 
varieties,  b u t  thus f a r  no d istinct differences in qua li ty  and quanti ty  of 
f ru i t  appear.
Effect of  P ru n in g  on B earing  Apple  Trees. (F. C. Sears and J. K. 
S h aw ) .  The fe rti l izer  experim en t  s ta r te d  in this o rchard  in 1889 has been 
discontinued, and the  plots now receive equal am oun ts  of n i tra te  of soda. 
A com parison  of heavy, l ight and no p run ing  is now being made on these 
trees. This work  was begun in the  spr ing  of 1927. I t  supplements the 
p ru n in g  te s t  in the p reced ing  p ro jec t ,  using trees nearly  fo r ty  years old 
in s tead  of young  b ear in g  trees.  The first  two years of the experiment have 
shown no m ark e d  effect on quali ty  and q u a n t i ty  o f  apples produced.
Com parison  of Cultivation and  Sod in a  Bearing  Orchard .  (J.  K. Shaw). 
This p ro jec t  had  been con tinued  on a fixed p ro g ram  since 1921. In the 
sp r ing  of 1927 it  seemed wise to red irec t  the work. One of the plots 
which h ad  previously  been in cult ivat ion  w ithou t  ferti l ization has received 
fo r  the pas t  two years  the  same a m o u n t  of  n i trogen  th a t  the sod plots 
have been receiving— 300 pounds  o f  n i t ra te  o f  soda p e r  acre. This seems 
to have favored  p roduc tion  of the  Baldwin very distinctly, and there 
app ea rs  a less d is tinct im provem en t  in the  p roduc tion  of the McIntosh.
One of the  sod plots which had received n i trogen  has been continued 
on the  same p rogram .  A second p lo t  has received an additional applica­
tion of n i t ra te  of  soda, 200 pounds  pe r  acre,  a t  ab o u t  the  t ime terminal 
growth  stopped. This seems to have favored  p roduc tion  with the Bald­
win and shows a less d is tinct im provem en t  with the McIntosh. The third 
sod plot has received 200 pounds  p e r  acre  of  su lfa te  of  potash  in early 
spring. There  is no indication  t h a t  this has im proved  produc tion  with the 
Baldwin, bu t  it may have sl ightly favored  p roduc tion  with the McIntosh.
The ferti l izer  te s t  now being carr ied  on in the  o rc h a rd  previously de­
voted to a s tudy of H ead  Fo rm a tio n  m ay  be considered a  p a r t  of this 
p ro jec t .  The o rchard  is entirely  in cultivation  and from  p lan t in g  in 1916 
to 1925 received no ferti l izer. The trees showed some indications of 
n itrogen definciency. t h e  o rch ard  was divided into seven plo ts ;  four 
of these are now receiving n i trogen equiva lent  to 300 pounds  per  acre 
of n i t ra te  of  soda, the o ther  th ree  plots con tinue  to receive no fertilizer.  
The ferti l ized plots show im proved color of foliage and should show 
improved yields. Of course no conclusions can be d raw n  for  several years.
Comparison of Clover Sod and Grass in Sod Mulch O rchard .  (J  K
Shaw).  This p ro jec t  has been continued as in the p a s t  and the usual 
observations made. The plots receiving complete  fert i l izer  have shown 
r a th e r  b e t te r  p roduc tion  than  those  receiving phosphorus ,  potash  and lime
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The purp o se  of the  l a t te r  t r e a tm e n t  was to b r ing  in a  white  clover sod. 
No white  clover a p p ea red  previous to 1927, b u t  d u r in g  the  p a s t  two years  
areas of  white clover have been developing. D e te rm in a t io n  o f  soil n i tra tes  
indica ted  considerably m ore  under  the  clover th an  elsewhere. I t  is now 
p lanned  to continue this p ro je c t  to see if  the clover will increase  a n d  if  it  
is effective in p ro m o tin g  grow th  and fru i tfu ln ess  o f  the  trees.
Test of  Different A m oun ts  of N i t ra te  of  Soda. ( J .  K. S h aw ) .  This 
p ro jec t  involves a nu m b er  of Baldwin trees now th i r ty  years  old, growing  
in sod. Since 1922 they have received 5, 10 o r  15 p o unds  of n i t r a te  of 
soda each year  in addit ion  to ad equa te  am oun ts  of phosphorus  and  potash. 
The general results  seem to be t h a t  p rod u c tio n  increases with the  am o u n t  
of n i tra te  applied.  No in ju r io u s  effects on the trees  or  on the color of the 
f ru i t  have been observed. In the sp r ing  of 1928 the a m o u n t  of  n i t r a te  was 
increased to 10, 17 l/2 and  25 pou n d s  of n i t ra te  of soda p e r  tree.
Comparison of Cultivation  and  Heavy  Mulching fo r  Apples and  Pears.  
(J.  K. Shaw ).  This experim en t  has been con tinued  as s ta r te d  in 1922. 
The m arked  difference in foliage color of  the  trees  on the  two t r ea tm e n ts  
was less d is tinct in 1928 than  in prev ious years.  Most of  the  mulched 
trees continued to yield heav ier  c rops and no in ju r io u s  effects have been 
observed. This is rem arkab le .  The  a m o u n t  of  n i tra tes  in the soil under  
the mulch is f a r  in excess of t h a t  usually  found  in cu lt iva ted  o rchards  
receiving annual  app licat ions o f  n i t ra te  o f  soda ;  shoot g row th  continued 
no la te r  in the sum m er;  and the apples a re  similar in every respec t  on the 
two plots. The trees on the un fert i l ized  cu lt iva ted  plots con tinue  to grow 
ra th e r  slowly and  are evidently slowly e x h au s t in g  the  fe rt i l i ty  of  the soil.
The Effects of  Fer t i l ize r  L im ita t ion  on F ru i t  Plants .  (J.  K. Shaw).  
This p ro jec t  deals with apple  and peach trees  and  g rape  vines p lan ted  in 
1922 on an old fe rt i l izer  tes t  field which, fo r  nearly  fo r ty  years,  had 
received fixed fert i l izer  applicat ions involving n i trogen,  phosphoric  acid, 
and potash alone and in combination . The rem ark ab le  resu lt  of this 
experiment is th a t  the only fe rt i l izer  effect seen is on the  plo ts  which 
have received po tash  and which have been limed. The unlim ed port ions  
of the potash  plots show no b e t te r  g row th  than  the plots which have 
never received any fertilizer. The sam e is t ru e  of all ferti l ized plo ts  riot 
receiving potash. In o rde r  to fu r th e r  inves tiga te  th is  condition, a new p r o ­
ject has been fo rm u la ted  and  pursu ed  d u r in g  the  pas t  season.
Role of Po tash  and  Lime in F ru i t  T ree  Nutr i t ion .  (J .  K. Shaw ).  In 
order to th row  light on the puzzling questions t h a t  arose  in the  p reced ing  
project,  experim ents  were car r ied  o u t  in W a g n e r  pots. Soil from  two of 
the plots was p laced in pots in the su m m er  of 1927 and seedling peach 
trees p lan ted  as indicators .  The behav ior  of  the trees in the  pots  was 
similar to the behav ior  of  the trees  in the field plots.  Also the W a g n e r  
pot proved to be sa t is fac to ry  as a container.
D u r :ng the sum m er of 1928, 115 pots were filled with soil f rom  a 
num ber  of these field plots, and seedling peach trees  p lanted . Some of 
the soils were placed in the pots w ithou t  t re a tm e n t ,  and o thers  received 
var.ous ferti l izers and in some cases cer ta in  am oun ts  of lime. E ach  t r e a t ­
ment was replicated  five times. The general  question was w he ther  the 
results  shown in the field plots were really  due to the soil t r e a tm e n t ;  and 
the answer was, in general,  affirmative. Addit ions of lime to the  soils 
which had received po tash  resu lted  in increased grow th  and  increased 
am oun ts  of  n i tra tes  in the soil. D e te rm in a t io n s  of soil n i t ra te s  and of 
the pH  value of the soil in the pots were made d u r in g  the season. It is
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unsafe  to conclude t h a t  f ru i t  trees would respond to potash on all the 
soils in the  S ta te ;  bu t  these results  suggest  the possibility t h a t  there  may 
be some soils t h a t  would respond to po tash  and lime.
Effect of  Potash  and Lime on Apple Trees. (J .  K. Shaw ).  The original 
p ro jec t  on the o rchard  here considered was a test  of cover crops. iTiis 
test  continued for six years, giving very doub tfu l  indication of any in­
fluence on the trees f rom  the cover c rops used. I t  became evident th a t  it 
would be m any  years before  any m arked  differences could be expected 
to appear.  T here fore ,  in the spring  of 1927, the p ro jec t  was redirected  into 
w hat  is pract ica lly  a new p ro jec t.  The same plo t a r ra n g e m e n t  was re­
tained, but the whole o rchard  has been seeded to grass, and a fertilizer 
t r e a tm e n t  adopted  using n i tra te  alone, po tash  alone, nitrogen and  potash, 
phosphorus and potash, and complete  ferti l izer,  each t r e a tm e n t  receiving 
lime in addition on two plots and not receiving lime on ano the r  two plots. 
I t  is too soon to expect any results from this new p ro jec t ,  bu t  it  is hoped 
th a t  it may help to answer the question of the value of potash  and phos­
phorus which is in the minds of growers a t  the p resen t  time.
Study  of Varieties of  T ree  Fru its .  (J .  K. Shaw and O. C. Roberts).  
The College and S ta tion  grow a large num ber  of varie ties of t ree  fruits.  
Records of bloom and production  are being taken on practically  all 
varieties including those no t  used for E x p e r im en t  S ta tion  purposes. These 
records have been accum ula ting  fo r  several years  and will be available 
for studies of  varie ta l  habits,  bloom and yield. It is expected  th a t  in 
some fu tu re  t ime as these records accum ula te  they may be available for 
s tudy of the relation of c limatic conditions to bloom and yield.
The Cultivation of the High Bush C ranberry .  (J .  K. Shaw ).  This p ro j ­
ect  involves the s tudy  of a num ber  of p lan ts  of  high bush c ranberry  
received from the U n ited  S ta tes  D e p a r tm en t  of Agriculture .  These plants 
are still growing and are p roduc ing  annual  crops. I t  seems doubtfu l  if 
this effort will find any g rea t  application in practice ,  and  probably this 
p ro jec t  will be d iscontinued in the near  fu ture.
F ru i t  Bud Fo rm a tio n  in the S traw berry .  (R. A. Van Meter).  I his 
p ro jec t  was s ta r ted  in the spr ing  of 1928 to s tudy  the effect of the supply 
of soil n i tra tes  on f ru i t  bud form ation  and f ru i t  p roduction .  I t  involves 
nine ferti l izer  t rea tm en ts ,  each replicated  five times, on plots of th ir ty  
p lants  each. R unner  plants  were spaced equally o r  removed to eliminate 
crowding.
The field was ferti l ized with superphospha te  a t  the ra te  of 600 pounds 
per acre  and m uria te  of  potash  a t  the ra te  of 150 pounds per  acre, broad­
casted and worked into the soil before  p lanting. The differential t r ea t ­
m ent of  the plots consisted in the applicat ion  of n i tra te  of soda a t  the 
ra te  of one pound p e r  plot or 322 pounds  per acre  on the following dates:
1—  No n i t ra te  of soda
2—  May 11 (imm ediate ly  a f te r  p lan ting)
3 — Ju n e  13 (when plants  were well established)
4—  Ju ly  2
5—  August  6
6—  A ugus t  20
7—  Septem ber  5
8—  Sep tem ber  15
9—  O ctober  4
No a p p are n t  differences in p lan t  growth  ap peared  the first season, and 
observations on the num ber  of f ru i t  buds fo rm ed  canno t  be readily made 
until  nex t  spring, when a carefu l  s tudy  of f ru i t in g  behavior will be made.
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A new p lan ta t ion  will be s ta r te d  in the sp r ing  o f  192!), p robab ly  with 
some revis ion of the schedule  of  applications,  o m it t in g  the  ear l ie r  app lica ­
tions and add ing  two or th ree  plots t r e a te d  with cer ta in  fo rm s of organ ic  
n i t ro g en -ca r ry in g  fertilizers.
W o rk  no t  on P ro je c t  Basis
Considerable experim en ta l  w ork  is being carr ied  on by m em bers of the 
d ep ar tm en t  not on the S ta t ion  staff. The pr inc ipa l  lines of  work are  briefly 
reported  below.
Cross-poll ination and  S ter il i ty  Studies  with C erta in  Apple  Variet ies .
(F. C. Sears, t). C. R ober ts  and o thers .)  'This work has been in p rogress  
since 1925. The value of Delicious, G ravens te in ,  Rhode Island Greening, 
W agener ,  C or t land  and o th e r  V arie t ies  fo r  po l lina ting  Baldwin, McIntosh 
and W ealthy  has been s tud ied :  also the  value in in te r -c ross ing  of the 
la t ter  th ree  varie ties and the ir  abili ty to set f ru i t  with the ir  own pollen.
Baldwin and W ealthy  have p roved  m ore  or less self  f ru i t fu l  and  Mc­
Intosh practically self  u n f ru i t fu l .  R a th e r  d is t inc t  differences in value 
of the several varieties in cross po llina tion  have been obtained.
It is p lanned  to con tinue  the  work  and to publish the  results  a t  some 
fu tu re  time.
The Effect of  F reez ing  T em p era tu re s  on Apples.  ((). C. R o b e r ts ) .  A p­
ples are frequently^ chilled be fo re  h a rv es t  due to ear ly  and unexpec ted  
periods of cold w eather ,  and the effect on the keeping qua li ty  of the  f ru i t  
is not well understood .  A series of  tes ts  fo r  the  pu rp o se  o f  g a th e r in g  
observations along this line was s ta r te d  in 1926. Apples a re  allowed to 
freeze on the trees  and then  ha rves ted  and sto red  un d e r  v a ry in g  condi­
tions. The results of the pas t  two seasons seem to ind ica te  t h a t  cer ta in  
varieties,  a t  least , m ay  be successfully  sto red  even though  they  m ay  have 
been sub jected  to freez ing  tem p era tu res .
Studies of  the Arsenical Residues on Apples.  ((). C. R oberts  c o o p era t ­
ing with the D e p a r tm en t  of  E n to m o lo g y ) .  This rep resen ts  an effort  to 
meet the  requ irem en ts  of H eal th  and Food  inspection au thor i t ie s  who are  
t ry ing  to m ake  sure  th a t  no apples c a r ry in g  an excessive a m o u n t  o f  a r ­
senic reach consumers.  A m o u n ts  of  arsenic  closely ap p ro ach in g  or ex­
ceeding the  to le rance  of .01 g ra in  p e r  p o u n d  have been found  only with 
early varie ties and where  txees were sp rayed  l a te r  than  is usua l  in p ractice .  
On the whole the inves tigations ind ica te  t h a t  this prob lem  is n o t  likely to 
be troublesom e in M assachusetts  o rchards  where  a p ro p e r  sp ray in g  p r a c ­
tice is carr ied  out.
Light P ru n in g  of Young Grapevines.  (B. D. D ra in ) .  This w ork  has been 
carried on fo r  one year  only. The  vines were  p ru n e d  less th an  is usual,  
leaving about  twice the usual nu m b er  of buds.  The  blossom c lusters 
were th inned  in June .  This m ethod,  as com p ared  with the  usua l  method, 
gave 23 per  cent  increase in p rod u c tio n  with no decrease  in the quali ty' of 
the crop.
D E P A R T M E N T  O F  P O U L T R Y  H U S B A N D R Y  
J.  C. G rah am  in Charge
Broodiness in Pou l t ry .  (F. A. H a y s ) .  The re la t ion  o f  b roody  behav ior  
to o ther  c h arac te rs  concerned in high egg p roduc tion  has been fu r th e r  
studied. L inkage  re la tions  have been discovered between w in ter  in tensi tv  
and the  p resence of broodiness. Tota l  days spent  in broodiness has been 
shown to exhibi t  an im p o r ta n t  negative  net corre la t ion  to annual  egg yield.
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Some evidence is available to indica te  t h a t  non-broody birds are less vigor­
ous than  broody individuals . The  to ta l  pe rcen tage  of broodiness in the 
flocks has been very significantly reduced during  the period and now 
stands a t  19 per cent.
D ur ing  the m at ing  year  of 1928 the broody c h arac te r  has been studied 
from three  m a jo r  aspects:
1. Inheri ted  fac to rs  concerned in degree  of broodiness.
2. Influence of m an ag em en t  upon broody  behavior.
8. Physiological phases have been studied  to ascertain if the stimulus 
to broody behav ior  lies in the ovary  or in the testes.
Breeding P o u l t ry  fo r  E gg  Production .  (F. A. H ay s) .  The mean annual 
egg production  fo r  all birds in this experim en t  fo r  the year  ending in 1927 
was 205. Records a re  no t  yet fully complete  fo r  the flock whose year  ends in 
1928. During  the pas t  year  p a r t icu la r  a t ten t ion  has been given to a study 
of the breeding behavior of  intensity  m easured  by w in ter  clutch size. 
W in te r  clutch size has been shown to be inherited .  W in te r  pause  is being 
studied with special re ference  to its re la tion  to o ther  fecundity  traits.  
Persistency has been given special a t ten t ion  in its linkage re la tion to 
early  sexual m a tu r i ty  and also in its re la tion to ca lendar  date. A very 
sa t is fac to ry  degree of un ifo rm ity  in age a t  first egg and in annual  per­
sistency has been a tta ined.  Special efforts a re  being d irected  tow ard  the 
establishment of  unifo rm , high fecundity  and m ax im um  livability.
Three  papers  have been published under  this p ro jec t ,— Scientific Con­
tr ibu tions  Nos. 53, 56 and 63.
Sta tistical S tudy  of H ered ity  in Rhode Island Red B reed o f  Poultry.
(F. A. H ay s) .  D ur ing  the period covered by this report ,  th ree  bulletins 
have been published under  this p ro jec t— Technical Bulle tins 11 and 12, 
and Bulletin 242.
D ata  are now being assembled fo r  a bulletin  on no rm al  growth  in 
Rhode Is land Reds.
Pa r t ic u la r  a t ten t ion  is given un d e r  this p ro je c t  to the in te rp re ta t ion  of 
d a ta  now on hand  and the  application of the  findings to f u r th e r  progress.
A Genetic  S tudy  of Rhode Island Red Color. (F. .V. H ay s) .  The past 
two years have been devoted  to the applicat ion  of the theory  regarding 
the inher i tance  of Rhode Island Red color p roposed  in 1926 to the strain  
bred  intensively fo r  high fecundity  since 1913. P rogeny  closely approach­
ing m odern  “ S ta n d a rd ” color have appeared .  These results  indicate tha t  
no genes fo r  “ S ta n d a r d ” color p a t t e rn  have been lost. The  presen t  p rob­
lem lies in the  establishm ent of a heavy laying “ S ta n d a r d ” color strain. 
P resen t  b reed ing  stock consists of p a re n t  stock and 51 pulle ts and several 
cockerels to be used in fu tu re  study. Complete color descriptions of all 
birds are on file.
D e term ination  of Genetic  Laws Governing Results in Inbreeding Poultry.
(F. A. Flays). The u l t im ate  ob jec t  of this p ro je c t  is to m easure  the'e ffects 
of different degrees of inbreed ing  upon  charac te rs  concerned in egg p ro ­
duction. Seven inbred  stra ins were s ta r te d  in 1923. By 1928 only two of 
these stra ins had  survived, the o thers  d isappear ing  because o f  low ferti l ity  
and high m orta lity .  The two rem a in in g  stra ins were crossed in 1928 and
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also bred  as such. T here  have been no im p o r ta n t  ad v an tag es  observed  to 
come f rom  inbreed ing  and undesirable  results  a re  common Results will 
be published in the near  fu tu re .
H ered i ta ry  and E nv ironm en ta l  F a c to rs  Affecting V ariab ili ty  in E gg  
Production .  ( F. A. H a y s ) .  This ex p er im en t  was begun in the sp r in g  of 
1928. T hree  pen m atings were  m ade  using birds t h a t  were d istinctive  
reg ard in g  va r iab il i ty  in egg produc tion .  The  first  pen consis ted  o f  ten 
yearling  hens m ated  to a  year l ing  male. This pen was m ade  up  of 
families of  sisters t h a t  were especially u n i fo rm  in the five im p o r ta n t  
charac te rs  affecting annual  p ro d u c tio n  m ated  to a m ale  f rom  a s imilar  
family. The second pen con ta ined  ten year l ing  hens se lected fo r  un ifo rm  
egg p roduction  only and  they  were m ated  to a m ale  of th e i r  own age 
from  a s imilar  family. The  th i rd  pen o f  ten  year l ings  was se lected fo r  
high annual  egg p roduc tion  alone and  they were m ated  to a male f rom  
high p roduc ing  ancestry.
The p a re n t  stock, 165 pulle ts  and  several cockerels a re  now available  
fo r  study.
Fac to rs  Governing E gg  W eigh t  a n d  Shell C h a rac te r  in Domestic  Fowl.
(F. A. H ay s) .  P re l im in ary  s tudies on egg weight  began  in the  spr ing  
of 1925, when all eggs laid  by the  b reed ing  females between F e b r u a ry  22 
and March 3 were  weighed and  described. The sam e p ro ced u re  has been 
pract iced  each season to date. In the  fall of 1927 each egg was weighed 
as taken  from  the t rap n es ts  fo r  the  en ti re  flock of 750 pulle ts  housed. 
The records began  with the  first  egg o f  each indiv idual  and  con tinued  until  
J a n u a ry  first.
The presen t  p ro jec t  was fo rm u la ted  in the  fall  o f  1927 an d  became 
active in 1928. T hree  pens o f  ten pulle ts each were  se lected on the egg 
weight basis and m a te d  to th ree  full b ro th e rs  in 1928. The  first  pen laid 
eggs averag ing  52 g ram s in Decem ber ,  the  second pen laid eggs a verag ing  
57 grams in D ecem ber  a n d  the  eggs of the th i rd  pen av eraged  59 g ram s 
in December. All eggs incuba ted  were weighed and  described. A to ta l  of 120 
pullets from  these pens have been re ta in ed  fo r  s tudy  and  cockerels are 
available fo r  fu r th e r  b reed ing  operations.
Rela tion o f  In tens ity  o r  R a te  o f  Lay ing  to  F e a th e r  P igm en ta t ion .  (F. A,
H ays) .  This p ro jec t  began  in the  fall  of 1927 when 50 ex trem e ly  light-  
colored and 50 very  da rk -co lo red  pulle ts  were  selected to s tu d y  possible 
rela tions between shade of color in R hode  Is land  Reds and  in tens i ty  of 
laying. No very significant re la tions have ap p ea red  in these g roups  to 
date.
F o r  the  m atings of 1928 two pens of ten  pulle ts each w ere  used. These 
pens were m ade  up  of pulle ts  f rom  the  above two groups,  the d a rk  pen 
m ated  to an ex trem ely  d a rk  male, th e  l igh t  pen to an  ex trem e ly  light- 
colored male. F ro m  these  m at ings  59 pu lle ts  and  several cockerels a re  
available fo r  b reed in g  tests.
S tudies o f  egg weight  reco rds  ind ica te  t h a t  egg weight depends upon 
two genes in i ts  inher i tance.  Results  o f  these  s tudies will a p p e a r  as a 
technical p a p e r  in the  J o u r n a l  o f  A g r icu l tu ra l  Research.
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D E P A R T M E N T  O F V E G E T A B L E  G A R D E N IN G  
(M a rk e t  G arden  Field  Sta tion, W altham )
F. A. W au g h  in Charge
Conditions Affecting the P roduc t ion  and Vegeta tive  P ropaga tion  of 
W ash ing ton  A sparagus .  (V. A. T ied jens).  Roots of various ages have 
been used fo r  establishing high p rod u c in g  clonal varieties of staminate  
and p istil late  a spa ragus  varieties. Considerable difficulty has been ex­
perienced in p ro p a g a t in g  p lan ts  whose buds have reached their  maximum 
size. Crowns having small o r  im m atu re  buds may be p ropagated  with 
much less difficulty. One-year  roo ts  may be divided into one to eight 
pieces,  depending on the ir  size, and p roduce  suitable  roots.  A ttem pts  
have been made to p ro p a g a te  p a r t s  of  the p lan ts  o ther  than  the crowns 
b u t  with no success. On old p lan ts  only im m atu re  crown tissue can be 
used. The prac t ice  of p ro p a g a t in g  old roots  is a t ten d ed  with uncertain 
success, because of the age of some of the  tissue. Clones from old 
roo ts  vary  in the ir  abil ity to recover f rom  the in ju ry  to the buds caused 
by the separa t ion  of the crowns into smaller  sections. All the  cuttings will 
grow from  some roots,  while none will grow' on others. Some crowns 
on old p lan ts  p roduc ing  small  buds will readily  divide into many pieces 
w ithou t  the use of a knife,  while on o thers  the  buds a re  so closely knit 
to g e th e r  th a t  it  is impossible  to divide them  in to  two pieces without 
cu t t ing  th ro u g h  the buds. The fo rm er  are m ore  readily  p ro p ag a ted  be­
cause of less in te rference  with the buds when the cu tt ings  are made.
It is im p o r ta n t  th a t  the cu tt ing  be done paral le l  to the plane of the 
buds, if  c lusters of  buds m us t  be divided. New buds orig ina te  at the 
base of growing  stalks. Well grown, one-year-o ld  crowns have buds 
ran g in g  in size f rom  very' small to the largest.  The cutt ings f rom  the 
small buds do no t  p roduce  as large  roo ts  as the cu tt ings  with the large 
buds,  and the roots  in a clone vary in size. The va r ia tion  in size, how­
ever, is soon overcome. This is probably  a g row th  re la tionship ,— the 
small  buds being a surplus in the  cycle of developm ent of  the crown.
Because of the ease with which clones may be developed from  one-year- 
old roots, an a t t e m p t  has been m ade  to grow' the  seedlings so t h a t  the 
genetic  potential i t ies  m ay  be shown a t  the end of the first season’s growth. 
The  p ract ice  is to p la n t  the seed ra th e r  thickly in drills, f rom  the first 
to the middle of August,  and mulch the small  seedlings heavily to p ro tec t  
them  from  winterkilling. The following spr ing  they  are  t ran sp la n ted  equal 
distances a p a r t  and used fo r  p ro p a g a t in g  m ate r ia l  a y e a r  later.  The 
dis tr ibution  of buds on the  crow'n,— their  size and  size of the  crown,— 
make it  possible to select types which are best suited fo r  p ropagation  
purposes.
Progenies from  individual p lan t  selections a re  g rown by the above meth­
od and decided differences in vigor t r an sm i t t in g  qualit ies have been 
found. I t  emphasizes the re la tion  of genetics to the vigor of the plants, 
a fac t  th a t  has an im p o r ta n t  b ear ing  on the  efficacy and commercial  value 
of the vegetative  p ro p ag a t io n  of asparagus.
A p ro p a g a t in g  f ram e  has been devised, comprising  ten ho tbed  sash 
with a ho t  woiter h ea te r  to w arm  the soil by m eans o f  pipes bu r ied  tw'elve 
inches below the  surface .  W hen  cu tt ings  are made in the  spring, the 
crown tissue will decay if  the  soil is n o t  w arm  enough fo r  growth. In 
cold w ea th e r  the m or ta l i ty  is very high so th a t  cutt ings m us t  be s ta r ted  in 
the p ro p a g a t in g  frame. They are  e ither divided again or t ran sp la n ted  in 
the  field a f te r  g row th  has sta r ted .  Conditions su i table  fo r  nroDagatiop
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of most  cu t t ings  a re  necessary for p ro p a g a t in g  a sp a rag u s  cutt ings.  If 
the cu tt ings  a re  slightly dried  before  p lan ting ,  there  will be less d an g er  
f rom  decay a t ta ck in g  the sof t  tissue in the  crowns.
Roots on old p lan ts  serve merely as reserve food fo r  the e s tab lishm ent o f  
the cu tt ing ,  and  new roots  m us t  be fo rm ed  before  the c u tt in g  can  d raw  on 
the soil mois ture .  Old roots  do n o t  send o u t  secondary  roots. New roots  
(one year  old) send ou t  secondary  roots,  and  if n o t  in ju re d  will con tinue  
to serve as feeder as well as s to rag e  roots. This is in a large  m easure  
responsible fo r  the g re a te r  ease with which one-year  roots  m ay  be p r o p a ­
gated.
On one-year crowns, roots  t h a t  have been broken off will send o u t  sec­
ondary  roots  b u t  will no t  g row  in length. Occasionally  a secondary  roo t  
near the broken  end of the  s to rage  roo t  will develop sufficiently to function  
as a sto rage  root.
The Genetics of  G reenhouse  Cucumbers.  (V. A. T ied jen s ) .  A n u m b er  
of charac te rs  have been isolated in cucumbers .  Green f r u i t  color is 
dom inant  over w hite ;  o range  o r  b ronze  f ru i t  color (sun color) l inked 
with the black spines, d o m in an t  over white and green f ru i t  color, develops 
only in the presence of light. B lack spines a re  d o m in a n t  over white spines. 
P a r thenocarpy  is epis ta t ic  to developm ent by fe rt i l izat ion . The location 
of pist il late flowers on the main stem is epis ta t ic  to the a lle lomorph in­
hibiting the p ro d u c tio n  of p istil late  flowers. The  a b u n d an t  p roduc tion  of 
laterals is d o m inan t  to the absence of latera ls.
Such charac te rs  as size and  shape of f ru i t ,  and n u m b er  of flowers show 
par tia l  dominance or follow the  laws of q u an t i ta t iv e  inher i tance  and  are  
m ateria lly  influenced by  env ironm en ta l  conditions.
The following pure  lines have been established:
1. Types va ry ing  from  a b u n d a n t  to very  l igh t  sets of  f ru i t  and  starn- 
inate flowers.
2. A selection hav ing  p is til late  flowers on the cen tra l  stem.
3. A selection having no p istil late  flowers on the cen tra l  stem.
4. Selections va ry in g  fo r  color, size and shape of fruit.
5. Selections t h a t  have spines and w arts  in various degrees o f  intensity .
A num ber  of crosses involving cer ta in  re la tions have been m ade  bu t
insufficient d a ta  are available to d raw  conclusions.
A commercial  va r ie ty  t h a t  will combine desirable m a rk e t  qualit ies  and 
develop p a r thenocarp ica l ly  is u n d e r  observation. The ex trem e  he terozy­
gous condition of cucum ber  varie ties m akes i t  necessary th a t  a c o m m er­
cial variety should have its c h arac te rs  rep resen ted  by hom ozygous fac to rs  
in o rder th a t  a stable , un ifo rm  comm ercial  v a r ie ty  will give expec ted  
results under  va ry ing  g row ing  conditions.
Cold Resistance in Sweet Corn in its Relat ion  to Quality ,  Size and  E a r l i ­
ness. (V. A. T ied jens).  As a result  of  se lecting from  600 ears  of  sweet 
corn on the basis of  the ir  abili ty  to g e rm inate  a t  low tem p e ra tu re s  fo r  
two years, one selection from  the  W hipp les’ Yellow v ar ie ty  has been 
saved fo r  f u r th e r  testing. A cross between this selection and  a very 
early Canadian  sweet corn was made. The  first genera t ion  seed is being 
grown in the greenhouse d u r in g  the w in ter  m onths  with the use of e lectric  
light. This hybrid  m ate r ia l  will be g e rm inated  a t  a low te m p e ra tu re  and 
selections will be m ade  combining low tem p e ra tu re  effects with o ther  
desirable charac te rs ,  to w ard  the p roduction  of a large, yellow, ear lv  v a r ie ty  
t h a t  will grow un d e r  u n favorab le  w eather  conditions.
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F a c to rs  Influencing the Heading  of Greenhouse Lettuce. (V. A. Tied- 
j en s ) .  Because of the decline of the greenhouse head lettuce industry ,  a 
s tu d y  of fac to rs  affecting the head ing  of lettuce has been discontinued.
The  breed ing  of a mildew resisting, ha rd  heading type fo r  w inter  grow­
ing conditions has resulted  in a selection t h a t  promises to take  the place 
o f  the B elm ont and May King varieties. The selection was made from  a 
cross between Belmont,  a firm head ing  type  b u t  susceptible to mildew, and 
May King, a  la rge  loose-heading, m ildew-res is tant  type. The variety has 
been nam ed Bel-May. I t  is not as re s is tan t  to mildew as May King, but 
a firmer heading type  for w in ter  conditions. Apparen tly ,  resistance to 
mildew is co rre la ted  with the  more open type  of growth shown by the 
May King variety.
The new var ie ty  is being grown by several growers for  a commercial 
tes t  and is showing considerable  promise.
The  Im provem en t  of  Beets T h ro u g h  Selection of Roots and Seed P ro ­
duction. (V. A. T ied jens).  C ooperat ion  with W y m an  B ro thers  of A r­
lington, Mass., has made available a fine selection of beets.
The  Im provem en t  of  C a rro ts  T h ro u g h  Selection of Roots and Seed P ro ­
duction. (V. A. T ied jens).  A fine selection of Hutch inson  C a rro t  has 
been developed, and las t  year  over 200 pounds of the seed was distributed 
to growers. This is now in the hands of the  Seed Committee  of the 
Boston M ark e t  G ardeners  Association who are  m erchandiz ing  the seed.
D E P A R T M E N T  O F V E T E R I N A R Y  SC IE N C E  
J.  B. Lentz  in Charge
The Standard iza t ion  of Avian Diph ther ia ,  Roup o r  Bird Pox  Virus and 
Vaccines with  Special Reference to Im proving  the T re a tm e n t  of the 
Disease. (N. J.  Pyle.) Since the publication of Technical Bulle tin  No. 14 
in June ,  1928, progress  has been made in the  s tu d y  of the dura tion  of 
the im m unity  p roduced  by the cu taneous vaccine and in the results  of its 
adm in is tra t ion  to birds as it  m ay  affect egg produc tion ,  body weight,  and 
tem p era tu re .  It is p lanned to m ake  fu r th e r  studies on the s tandard iza­
tion of the vaccine.
L ab o ra to ry  Service— Pathology. (G. L. D unlap .)  F rom  December 1, 
1926 to Ju n e  15, 1927, 2,422 specimens were examined. These included 
1,272 chicks, 95 adu lt  chickens, 3 ducks, and 1,052 miscellaneous. From 
Ju n e  15, 1927 to J u n e  30, 1928 this service was suspended, except for ex­
aminations of u rg e n t  m ateria l ,  which included 578 miscellaneous speci­
mens. On Ju ly  1, 1927 it  was resum ed,  with a fee of $2.00 fo r  each 
exam ination . Since Ju ly  1, 68 exam inations have been m ade  with a total 
of 160 specimens. These include 106 chickens, 1 tu rk ey ,  6 foxes, 5 
pigeons, I rabb it ,  2 feed samples, and 39 miscellaneous specimens.
Poultr}7 Disease E lim ina tion  Law. (W. R. Hinshaw and E. F. Sanders) .  
The progress  m ade  in the control of Salmonella  pu l lo rum  infection (Bacil­
lary W hite  D ia r rh ea )  is sum m arized  in Control Series Bulletins 39 and 
43, which record  the results  of agg lu t inat ion  tes ting  fo r  the 1926-27 and 
1927-28 seasons.
During  the  1926-27 season, 127,327 tests were m ade  in 249 flocks and 
114 of these flocks, comprising  40,269 birds, were reported  negative  to the 
agg lu t inat ion  test.  D ur ing  the  1927-28 season, 232,091 tests were made
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on 321 flocks and  138 flocks, comprising  80,829 birds, were  re p o r te d  
negative.
Based on the 1925 poul try  popula t ion  o f  M assachusetts ,  it  is es t im a ted  
th a t  9.39 per  cent  of  the chickens in the S ta te  were  tes ted  in 1927-28 as 
compared with 6.27 p e r  cent in 1926-27. Using the same com parison ,  3.98 
per  cent  o f  the chickens o f  the  S ta te  were in n o n -reac t in g  flocks in 1927-28, 
as com pared  with 1.98 p e r  cent in 1926-27.
Following the 1927-28 tes t ing  season a ques t ionna ire  was sen t  to the 
321 flock owners fo r  whom tes ting  had been done. Som e o f  the i n f o r m a ­
tion obtained  from  the 239 replies is p resented .
Effect of  b leeding on egg p ro d u c t io n :  one person re p o r te d  egg p r o ­
duction increased by bleeding, 1 (>(> re p o r te d  “ no effect” , a n d  72 reported  
losses from  0 to 50 p e r  cent, due e ithe r  to bleeding or to handling  of the 
birds or  due to both.
Morta li ty  t raceab le  to blood collecting: th ir teen  persons  re p o r te d  a 
to ta l  of  50 birds lost f rom  h em orrhage  following the  w ithd raw al  of  blood. 
Four  persons r ep o rted  the  dea th  o f  12 b irds due to causes o th e r  th an  
hemorrhage  bu t  indirect ly  t raceab le  e ithe r  to b leeding o r  to hand ling  of 
the birds. A to ta l  o f  62 birds or  .026 pe r  cent o f  all birds bled d u r in g  the 
1927-28 season were r ep o rted  hav ing  died as a result  of  blood collection.
Kinds of d is in fec tan ts  used:  tw en ty -n ine  b rands  of d is in fec tan ts  were 
reported  as being used fo r  sp ra y in g  the  hen houses a f te r  the  removal  
of reactors .  Seven of these are included on the  U. S. D e p a r tm e n t  of A g r i ­
culture  B. A. I. app roved  list, (B. A. I. C ircu la r  L e t te r  1508) and ninety- 
six pou ltrym en were using these  a pproved  disinfectants .
S P E C IA L  T O B A C C O  IN V E S T IG A T IO N S
Conducted by the B u reau  o f  P lan t  Industry ,  U ni ted  S ta tes  D e p a r tm en t  
of Agriculture ,  in coopera tion  with the M assachuse tts  A g r icu ltu ra l  E x ­
perim ent Sta tion.
H. F. M urw 'n ,  U. S. D. A., in Charge
Brown Root-Rot.  (H. F. M urw in) .  Plot work is being conducted  a t  
W hately to s tudy  com para t ive  effects of  p reced ing  c rops on the  growth 
ot tobacco both in heal thy  and in infes ted  soil with two acidities in each 
case. It has been d e m o n s tra ted  in these  experim ents  th a t  cer ta in  c rops 
may not only inhibit recovery  from  brown ro o t - ro t  in infes ted  soil b u t  
may actually  b r ing  a bou t  this condition  in heal thy  soil. The crops used 
were a lfa lfa ,  corn,  clover, tobacco, t im othy ,  soy beans, po ta toes ,  oats, 
field peas and two types of fallow. These crops were g rown two successive 
years and followed by tobacco in each case. T obacco  made a good 
growth following tobacco, fallow and oa ts  on both heal thy  and  infes ted  
so.l. 1 he de tr im en ta l  effect of corn, a lfa lfa ,  clover, t im o thy  and soy
beans on the tobacco crop was quite  m ark ed  in both  cases and the  effect 
ol pota toes and field peas was in te rm edia te .  To da te  no beneficial effect 
on tobacco has followed any crop except oats, and even here  the yield was 
no g rea te r  than  in the  case of tobacco following tobacco or fallow. Brown 
roo t-ro t  has never resulted  from  continuous cu ltu re  of  tobacco on healthy 
soil in these experim ents ,  and the  yield of tobacco has invar iab ly  im­
proved from  one y ear  to the next with con tinuous  cu ltu re  on in fes ted  soil. 
The above results were obta ined  on ra th e r  acid soil, and no da ta  on crop 
effects have been ob tained  from  the less acid plo ts  t o  date.
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It  is quite  evident f rom  these tests, toge the r  with observations th ro u g h ­
ou t  the Valley, t h a t  brown roo t- ro t  is, in the g rea t  m a jo r i ty  of cases, the 
resu lt  of  some crop eifect. This would indicate  t h a t  cellulose decomposi­
tion m igh t  play a p a r t  in b r ing ing  a bou t  such a condition on tobacco roots. 
However,  cellulose decomposition, as such, does no t  ap p ea r  to be respons­
ible for  the occurrence  of b rown root-ro t.  P rac tica l ly  p u re  cellulose was 
applied to the  ex ten t  of  one per  cent of the weight of the soil in com­
bination  with ample n i t ra te  n i trogen, and this a m o u n t  of cellulose was 
also applied on unfert i l ized  field plots, b u t  no sym ptom s o f  b rown root- 
ro t  were p re sen t  on the roots a t  harvest.  The tests  have also demonstra ted  
th a t  o rd in a ry  applicat ions of ferti l izers have lit tle  or no effect on brown 
roo t-ro t.  Twice the o rd in a ry  applicat ion  of a  commercial  tobacco fer­
tilizer, o r  heavy applicat ions of n i t ra te  n i trogen  have failed to improve 
the  yield of tobacco on infes ted  soil.
In  sum m ariz ing ,  no crop un d e r  investigation, with the exception of oats, 
has proven  beneficial to a following crop of tobacco e ither on infested or 
heal thy  soil. The  d a ta  on oa ts  as a preced ing  crop or as a crop to be 
grown on in fes ted  soil to e liminate  this brown roo t- ro t  condition are not 
sufficient, to date, to w a r r a n t  recom m endation  fo r  such purposes. With 
these facts in mind, the p ract ica l  solution a t  p resen t  appears  to be the 
con tinuous  cu ltu re  of tobacco, avoiding ro ta t ion  when it  is not necessary 
fo r  o th e r  reasons.
P U B L IC A T IO N S  
Genera l  Bulletins
231 The M arket  O utle t  fo r  M assachusetts  Apples.  Jefferson, Lorian P. 
40 p. J a n u a ry ,  1927.
T h is  deals w ith  th e  w holesale  a n d  re ta il  d is tr ib u tio n  in  dom estic  m ark e ts , w ith 
som e discussion  o f th e  c h a ra c te r  o f  th e  dem and . T he w orld  crop  a n d  in te rn a tio n a l 
tr a d e  a re  also  d iscussed , a n d  th e  costs  a n d  p rob lem s o f  e x p o rt in g . S easonal fluctua­
tio n s  in  B aldw in  a p p le  p rices , 1889-1925, a n d  co m p ariso n s  o f B aldw in  an d  M cIntosh 
p r ic e s  a re  included, w ith  a  d iscussion  o f  th e  re la tio n  betw een  p ric e  an d  size o f the 
ap p le  crop . T he ch ie f conc lusions a re  th a t  th e  dem an d  fo r N ew  E n g lan d  app les is 
in c re a s in g  in N ew  E n g la n d  m a rk e ts , a n d  th a t  th e  d em an d  fo r good q ua lity  and 
la rg e r  sizes is in c re a s in g .
232 Effec t  of Po tash  Salts on Crop Yields. Haskell,  Sidney B. 10 p. 
F e b ru a ry ,  1927.
A m ong  th e  m ore  im p o r ta n t re s u lts  o f lo n g -con tinued  e x p e rim e n ts  co m p arin g  chem ­
ical fo rm s  o f f e r t i l iz e r  p o ta sh  a re  th e  fo llow ing : occasionally  b e t te r  tab le  q ua lity  of 
po ta to es , b u t seldom  a n y  s ig n if ican t d iffe rence  in y ie lds ; v a r ia tio n s  in  th e  s tan d  of 
g ra s s  a n d  clover, b u t  s u rp r is in g  s im ila r i ty  in  y ie lds o f h ay  ; a  d is tin c t difference 
in  th e  w in te rk ill in g  o f  c a n e  f ru its ,  w ith  consequen t la rg e  d iffe rences in  yield : no 
in d ica tio n  o f s u lfu r  sh o rta g e  even a f te r  th i r ty  y e a rs  o f tr e a tm e n t  w ith  little  o r  no 
s u lfu r  in  th e  fe r t iliz e r , an d  a  s im ila r  re s u lt  w ith  m ag n esiu m .
233 The Codling Moth in Massachusetts .  B ourne ,  A. I. and Whitcomb,
W. I). 19 p. March, 1927.
T he life  h is to ry  o f  th e  cod ling  m oth  in M assa ch u se tts  w as  stu d ied  fo r th re e  con­
secu tiv e  seasons. T he cod ling  m o th  h as  one com plete  g e n e ra tio n  an d  a  p a r t ia l 
second  a n n u a lly  in  th is  S ta te . T h e re  is  a  s lig h t o v e r la p p in g  o f  th e  tw o  g e n e ra ­
tio n s, so th a t  from  th e  tim e  th e  f r u i t  is se t u n ti l h a rv e s t th e re  a re  b u t few  days 
w hen in fe s ta tio n  m ay  n o t ta k e  p lace . S p ra y in g  is th e  m ost im p o r ta n t phase  of 
cod ling  m o th  con tro l an d  should be th o ro u g h  a n d  tim ely . T he ca lyx  s p ra y  an d  the 
post ca lyx  s p ra y s  a re  th e  m ost im p o r ta n t  in  th e  con tro l o f  th is  in sec t. T he m a te ­
ria l m ost effec tive a g a in s t  th e  cod ling  m oth  is a r s e n a te  o f lead , a n d  its  use is 
recom m ended  a t  th e  r a te  o f l l/ j  pou n d s o f  th e  pow der in  50 gallo n s  o f  w a te r.
B IE N N IA L  R E P O R T ,  1927 AND 1928 343
234 The  Poisoning of Honey Rees by O rchard  Sprays.  B ourne ,  A. I. 
12 p. March, 1927.
T h e  e x p e rim e n ts  in d ica te  th a t,  if  th e  recom m ended  co m b in a tio n  o f lead a rs e n a te , 
lim e -su lfu r an d  n ic o tin e  s u lfa te  is used , s p ra y in g  should have  no a p p re c ia b le  effect 
upo n  colonies o f  bees not su b jec t to  a n y  re s tr ic tio n s  o f f ligh t. T h is  is t r u e  even 
w hen som e bloom is p re se n t, un less im p ro p e rly  tim ed  s p ra y in g  is c a rr ie d  o u t on 
a  la rg e  s c a k .
235 F a rm  Taxes and Assessments in Massachusetts .  Y ount,  H u b e r t  W. 
3(j p. April ,  1927.
F a rm  rea l e s ta te  on 214 fa rm s  in 1923 w as assessed  a t  53 p e r  ce n t o f  th e  o w n e rs ’ 
v a lu a tio n . T h e  a v e ra g e  ra t io  o f  th e  assessed  v a lu e  o f f a rm  rea l e s ta te  to  th e  o w n ­
e rs ’ v a lu a tio n  v a r ie s  a s  m uch a s  20 p e r  c e n t be tw een  to w n s ; a n d  also  v a ried  
w idely  betw een  fa rm s  in  th e  sam e to w n . L ivestock  w as assessed  a t  65 p e r  ce n t o f 
its va lue  a s  re p o r te d  by th e  ow n ers . R e p o rts  fro m  133 b o a rd s  o f  a ssesso rs  show  
w ide d iffe rences  be tw een  to w n s  in  th e  e s tim a te d  assessed  v alue  o f  land  o f  a  s im ­
ila r  q u a lity  an d  use, an d  li ttle  u n ifo rm ity  in  th e  a ssessm en t o f  livestock . U rb a n  
a n d  in d u s tr ia l rea l e s ta te  is assessed  a t  a  h ig h e r  p e rc e n ta g e  o f va lue  th a n  fa rm  
real e s ta te . In  1923 ta x e s  on 207 fa rm s  took  9.76 p e r  ce n t o f  th e  f a rm  incom e 
befo re  p a y in g  ta x es . W hen com p u ted  on a  s im ila r  b asis , ta x e s  ta k e  a  la rg e r  sh a re  
o f th e  M assach u se tts  f a rm e r ’s incom e th a n  o f th e  incom es rece ived  by c e r ta in  o th e r  
in d u s tr ia l o r  p ro fe ss io n a l classes.
236 The Milk Supply  o f  Massachusetts .  McFall,  R. J.  13 p. May, 1927.
1. Local P ro d u c tio n  an d  Im p o r ts . D a ta  a r e  p re se n te d  sh o w in g  th a t  o u t o f a  to ta l 
o f s ligh tly  over 680 m illion q u a r ts  o f  m ilk  used  in  M assach u se tts , 59 p e r  ce n t is 
p roduced  in th e  S ta te , 43 p e r  ce n t im p o rted , a n d  2 p e r  ce n t ex p o rted . P ra c t ic a l ly  
all o f th e  c ream  is im p o rted . I I . C on su m p tio n  a n d  S ources o f  S u p p ly  in  S p rin g -  
field an d  V ic in ity . F ig u re s  show  th a t  th is  a re a  p ro d u ces  22 p e r  ce n t o f  i ts  su p p ly  
o f fluid_m ilk. b r in g s  in  44 p e r  ce n t fro m  o th e r  s ta te s , an d  o b ta in s  34 p e r  ce n t fro m  
o th e r p a r ts  o f  M assach u se tts . I I I .  M ilk P ro d u c tio n  a n d  S h ip p ed -in  F eed. F o r  
N ew  E n g lan d  a s  a  w hole, 23 p e r  ce n t o f  th e  m ilk  p ro d u c tio n  is based  upo n  ou ts ide  
feed, a n d  77 p e r  ce n t on hom e-g row n  su p p lie s  ; fo r  M assach u se tts  th e  c o rre sp o n d ­
in g  figu re s  a re  30 p e r  ce n t a n d  70 p e r  ce n t resp ec tiv e ly . N ew  E n g la n d ’s d ep e n d ­
ence upon  ou ts ide  feedstu ffs  is n o t u n d u ly  h ig h  w hen  co m p ared  w ith  th e  s itu a tio n  
in  som e o f  th e  le ad in g  d a iry  n a t io n s  o f  E u ro p e .
237 Liming Onions. Jones,  J .  P. 7 p. October,  1927.
A re p o r t  o f o b se rv a tio n s  m ade on th e  use o f lim e fo r  on io n s  in  th e  C o n n ec tic u t 
V alley. O n ions  w ere  found  to  yield best on th e  less ac id  soils. F o r  a n y  d eg ree  of 
ac id ity  th e  yield fo llow ing  tobacco  av e ra g e d  p o o re r  th a n  fo llow ing  on ions . T he 
best y ie lds w ere  secu red  a t  soil re a c tio n s  o f pH  6.0 an d  above. In  a p p ly in g  lim e 
fo r on ions it w as  p o in ted  o u t th a t  o th e r  c ro p s  th a t  m ig h t be g ro w n  on th e  land  
subsequen tly  should  be k e p t in m ind . F o r  exam p le , lim e, ap p lied  in  am o u n ts  m ost 
beneficial to  on ions, h a s  been p ro v en  h a rm fu l to  tobacco.
238 Head  Fo rm a tio n  in Apple  Trees. Shaw, J.  K. 30 p. October,  1927. 
A re p o r t  o f  th e  effec ts on yo u n g  a p p le  tre e s  o f  six  d iffe re n t ty p e s  o f  p ru n in g . 
R esu lts  a re  g iven  in  te rm s  o f  g ro w th  a n d  ea rly  y ield , a n d  a  se rie s  o f  tr a c in g s  
from  p h o to g ra p h s  show s th e  effec ts  on th e  d eve lopm en t o f ind iv id u a l tre e s . D irec­
tio n s  a re  g iven  fo r  p ru n in g  young  a p p le  tre e s  fro m  th e  t im e  th e y  a re  se t u n til 
th e  ty p e  o f  t r e e  is es tab lished .
239 Cape Cod C ran b erry  Insects. F rank l in ,  H. J.  67 p. F e b ru a ry ,  1928. 
W orm s a n d  w orm like  fo rm s  th a t  a t ta c k  th e  fo liage, buds, flow ers an d  f r u i t  o f  th e  
c ra n b e rry  v in e  in  th is  S ta te  a re  described , a n d  m ethods fo r  con tro l d iscussed . T he 
w o rk  is based  on m a n y  y e a rs  s tu d y  a n d  e x p e rien ce  in  th e  C ape Cod c ra n b e rry  
section . A n  im p o r ta n t  f e a tu re  o f  th e  b u lle tin  is  th e  colored  p la te s  a n d  o th e r  illu s­
t r a t io n s  show ing  th e  c ra n b e rry  in sec ts  in th e ir  d iffe re n t s ta g e s  a s  w ell as  th e  
v a rio u s  w ays in  w hich  th e y  in ju re  th e  p la n t.
240 Fac to rs  Affecting R e tu rn s  f rom  Po ta toes  in Massachusetts .  Mighell, 
Ronald L. 27 p. J a n u a ry ,  1928.
A su rvey  o f  54 fa rm s  in  fo u r  d iffe re n t a re a s  in  th e  S ta te  is th e  basis  o f th is  b u lle tin . 
P o ta to es  occup ied  a n  a v e ra g e  o f 11 to  13%  p e r  ce n t o f  th e  to ta l c ro p  land . T he 
m ax im um , m in im um  an d  a v e ra g e  h o u rs  o f labor, by o p e ra tio n s , th e  d is tr ib u tio n  of 
lab o r th ro u g h o u t th e  season, th e  am o u n t o f m a te r ia ls  used  a n d  th e  p ro d u c tio n  p e r  
a c re  fo r  each  o f th e  fo u r  a re a s  a re  g iven . A b r ie f  s tu d y  o f th e  effect o f  m a ch in e ry  
on lab o r re q u ire m e n ts  a n d  costs is p re sen ted .
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IT Food  Consumption of Rura l  School Children in Rela t ion  to Their  
Health .  Davies, E s th e r  S. 51 p. March, 1928.
A field s tudy  w as m ade o f  tw o  M assachusetts  ru ra l  tow ns, to  a s c e r ta in  w h a t re la ­
tio n sh ip s , if  any , could be d em o n stra ted  betw een  the  d ie ta ry  h ab its  o f ch ild ren  of 
e lem en ta ry  school ag e  an d  th e ir  s ta te  o f hea lth . T h e  in v e stig a tio n  inc luded v isits  
to  th e  hom es o f th e  ch ild ren , in spec tion  o f school lunches, an d  d en ta l an d  m edical 
ex a m in a tio n s . T h e  s tudy  showed th a t  m ost o f th e  d ie ts  w ere  o f poor q u a lity  from  
th e  s ta n d p o in t o f th e  n u tr i tio n a l needs o f th e  child . T he m ost o u ts ta n d in g  d iffer­
ence b etw een  th e  ch ild ren  o f th e  tw o  tow ns w as in th e  cond ition  o f th e ir  tee th . 
T h e  excellence o f th e  te e th  o f one g ro u p  as  com pared  w ith  th e  o th e r  is believed to 
have as  i ts  ch ie f causal fac to r th e  h ig h  consum ption  of m ilk  in  th e  fo rm er tow n 
a n d  th e  low m ilk  u ti liz a tio n  o f th e  la tte r .
42 V ig o r  in Produc t ion -B red  Flocks. Hays,  F. A. and Sanborn, Ruby. 
26 p. April ,  1928.
In  p ed ig ree  b ree d in g  fo r h ig h  fecu n d ity , th e  question  o f  v igor is o f p a ram o u n t 
im p o rta n c e , because  th e  m o rta li ty  ra te  te n d s  to  becom e h ig h e r a s  egg  production  
in c reases . In  th e  R hode Is la n d  Red flock stud ied , v igo r w as found to  be independ­
e n t  o f  th e  fecu n d ity  t r a i t s ,  e a rly  m a tu r ity , h igh  in ten s ity , n on -pause  and  high 
p e rs is te n cy  ; b u t to  be reduced  by e lim in a tin g  broodiness. T he m ost feasib le p rac ­
tic e  fo r  im p ro v in g  v ig o r  is  to  b reed  only  fro m  those fam ilies show ing  the  lowest 
m o r ta li ty  o f  p u lle ts  in  th e  la y in g  houses.
43 The  M cIntosh Apple  on the New Y ork  Market.  Jefferson, Lorian P. 
12 p. May, 1928.
D a ta  a re  p re se n te d  sh o w in g  th e  dem and  fo r M cIn tosh  ap p les  in N ew  Y ork City, 
th e  to ta l volum e rece ived  from  th e  d iffe re n t sec tions p ro d u c in g  M cIntosh , and  a 
co m p ariso n  o f  th e  p rices  rece ived  fo r  M cIn tosh  from  th e  d iffe ren t sections. Two 
conc lusions seem ed ju s tif ie d : T h e  dem an d  fo r M cIn to sh  in N ew  Y ork  has never 
been su p p lie d , a n d  th e  te s tim o n y  o f  d ea le rs  in d ica te s  th a t  th e  m a rk e t will absorb 
m an y  tim es  w h a t i t  now  rece ives ; th e  N ew  E n g la n d  M cIntosh  a re  in gene ra l equal 
to  a n y  th a t  a re  rece ived  in  N ew  Y ork , as in d ica ted  by th e  p rices  received. A 
c a rlo t o f ap p le s , sh ip p ed  fro m  N ew  E n g la n d  to  N ew  Y o rk  in  the  sp r in g  of 1928 
w as tra c e d  to  th e  consum er to  le a rn  how  th e  sh ip m e n t w as handled, how widely 
th e  a p p le s  w ere  d is tr ib u te d , how  m a n y  jo b b e rs  a n d  re ta ile r s  w ere  concerned with 
th e  d is tr ib u tio n , a n d  th e  ty p e  o f  co n su m ers  to  w hom  th e y  w ere  finally  sold. The 
d e ta ils  o f  th is  sh ip m e n t a re  rep o rte d .
44. T y p e -o f -F a rm in g  A reas  in Massachusetts .  Mighel,  Ronald L. and 
Brown, M arian. 16 p. June ,  1928.
T h is  s tudy  w as m ade a s  a  b as is  fo r  fu tu re  in v e stig a tio n a l w ork , an d  because a 
know ledge o f ex istirrg  fa rm  co n d itio n s  an d  how  th e y  have developed is essential 
to  w ise f a rm  p la n n in g  an d  a d m in is tra tio n . T h e  b u lle tin  defines th ir te e n  d ifferent 
a re a s  on th e  b as is  o f soil, to p o g ra p h y  a n d  ty p e  o f  fa rm in g , a n d  show s in both 
g ra p h ic a l a n d  d e sc rip tiv e  fo rm  th e  d is tr ib u tio n  o f  th e  p r in c ip a l crop  and  live 
s tock  e n te rp r is e s  in th e  S ta te  a c co rd in g  to  th e  U n ite d  S ta te s  C ensus o f 1925.
45. Blight  and L eaf-spo t  of C a r ro t  in Massachusetts .  Doran,  W. L. 
and  Guba, E. F. 9 p. Ju n e ,  1928.
T h e  econom ic im p o rtan c e , causes an d  con tro l m easu res  o f  th e se  d iseases a re  dis­
cussed. T h e  use o f fu n g ic id es  in th e  field is w a r ra n te d  on ly  in  th e  m ost ra in y  
seasons. C rop  ro ta tio n  is o f  som e va lue  a s  a  con tro l, b u t seed t r e a tm e n t  is not.
46 Control of  Red Spider  and Pow dery  Mildew on G reenhouse  Cucum­
bers. W hitcom b, W. D. and  Guba, E. F. 16 p.
E ffec tive tr e a tm e n ts  fo r co n tro llin g  re d  sp id e r  a n d  p o w dery  m ildew  ind iv idually  
on g reen h o u se  cucum bers  h ave  been developed. W h ite  m in e ra l oil em ulsion  and  
su lfu r , w hich  a re  reco g n ized  a s  th e  m ost effec tive m a te r ia ls  fo r  c o n tro llin g  red  
sp id e r  an d  p o w dery  m ildew  resp ec tiv e ly , a r e  n o t co m patib le . T h e  p ro p e r  choice 
o f fu n g ic id es  fo r  co n tro llin g  p o w dery  m ildew  w hen  w h ite  m in e ra l oil em ulsion  is 
u sed  is suggested . In  ad d itio n , th e  n a tu re , m ethod , an d  r a t e  o f  a p p lic a tio n  o f 
fu n g ic id es  a re  considered  in  re la tio n  to  th e  h ea lth  o f  th e  fo liage , w e a th e r  cond i­
tio n s, a n d  th e  location  o f  th e  fu n g u s.
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Technical Bulletins
11 In tens ity  or  R a te  of  Lay ing  in Rela t ion  to Fecundity .  Mays, F. A 
and Sanborn , Ruby. l(> p. N ovem ber ,  1927.
O ne o f  a  se rie s  o f  b u lle tin s  d e a lin g  w ith  in h e r ite d  t r a i t s  in  re la tio n  to  fecu n d ity  
in th e  Rhode Is la n d  Red b reed  o f  dom estic  fow l. In te n s i ty  is a n  in h e rite d  t r a i t  
w hich  v ita lly  affec ts  fecu n d ity . In  th is  s tu d y  fo u r  m e asu re s  o f  in te n s ity  h av e  been 
u se d : firs t s ix ty -d ay  eg g  reco rd , m ean  size o f  w in te r  c lu tch , n e t w in te r  r a te  o f 
lay ing , and  a n n u a l r a te  o f lay in g . F ro m  th e  s ta n d p o in t o f th e  b reed e r, m ean  size; 
o f  w in te r  clu tch  is th e  m ost s a tis fa c to ry  c r i te r io n  o f  in te n s ity  b ecau se  it  can  he 
ac c u ra te ly  d e te rm in e d  a n d  because  it is in h e rite d .
12 N et  Correla tions o f  C harac te rs  C oncerned in Fecundity .  Hays,  F. A. 
and Sanborn ,  Ruby. 9 p. December,  1927.
T his  bu lle tin  com p letes th e  se rie s  d ea lin g  w ith  th e  five in h e r ite d  t r a i t s  concerned  
w ith  fecu n d ity  in  th e  R hode Is lan d  R ed b reed  o f dom estic  fow l. N e t co rre la tio n s  
a re  p re sen ted , w hich  m ore ad e q u a te ly  p o r tr a y  th e  re la tiv e  im p o rta n c e  o f  th e  severa l 
c h a ra c te rs  th a n  do th e  s im p le  c o r re la tio n s  p rev io u sly  used. A n n u a l egg  p ro d u c tio n  
is show n to  be en tire ly  in d e p e n d e n t o f  ag e  a t  f irs t egg  ; to  be d ep e n d e n t to  a n  im ­
p o r ta n t  a n d  s u b s ta n tia lly  equal ^deg ree  up o n  le n g th  o f  w in te r  p au se , in te n s ity  as  
m easu red  by w in te r  c lu tch  size, a n d  d eg ree  o f  b rood iness  ; b u t to  be m ost in tim a te ly  
affec ted  by a n n u a l p e rs is te n c y . T h e  m u ltip le  co rre la tio n  o f  + .8642  show s th a t  ihe  
five c h a ra c te rs  h e re  considered  la rg e ly  con tro l th e  a n n u a l eg g  yield.
13 W ashing  Pow ders  fo r  Dairy  Use. Phillips,  A. W.,  Mack, M. J . ,  and 
Frandsen ,  J .  H. 10 p. May, 1928.
1. A naly ses o f m a n y  w a s h in g  po w d ers  on th e  m a rk e t show  fo u r  g e n e ra l classes, 
co n ta in in g  ca rb o n a te , c a u stic , p h o sp h a te  a n d  soap  respective ly .
2. T h e re  is v e ry  s lig h t v a r ia tio n  in  those  pow ders  w h ich  com e in  th e  sam e class.
3. L a b o ra to ry  a n d  p la n t te s ts  on th e se  pow ders, on o th e r  m ix tu re s , a n d  on  the  
pu re  in g re d ie n ts  h ave  d e m o n s tra te d  th e  specific ro les p layed  by each  in g re d ie n t.
4 . A d esirab le  com position  fo r g e n e ra l d a iry  use h as  been in d ica ted  to  be 60 per­
cen t sodium  c a rb o n a te  a n d  40 p e r  c e n t tr i-so d iu m  p h o sp h a te .
5 . By b u y in g  th e  com m ercia l chem ica ls  th e  p ric e  p e r  pound  o f  c lean e r  m ay  be 
reduced to  close to  2 c e n ts  a s  co m p ared  w ith  fro m  8 to  16 c e n ts  now  paid  fo r  a  
s im ila r  g rad e  o f  p ro d u c t.
6 . T he  w ash in g  efficiency o f  th e  po w d ers  in c reased  u p  to  ab o u t 140° F . Below  
9 5 ° F . th e  b ac te ric id a l a c tio n  is  g re a t ly  reduced .
7. All po w d ers  show ed d is in fe c tin g  p ow ers  in  0.6 p e r  ce n t so lu tion , by re n d e r in g  
th e  w ash  w a te r  s te rile .
14 C utaneous Im m unity  in Relation to Contagious E p ithe liom a.  Pyle, 
Norm an J.  16 p. June ,  1928.
A serological s tu d y  o f  b ird s  im m u n e  to  b ird  pox, a  s tu d y  o f cu tan eo u s  im m u n ity  
in  re la tio n  to  th e  d isease , an d  th e  dev e lo p m en t o f  a n  efficient cu tan eo u s  v ac c in e  fo r 
th e  t r e a tm e n t  o f  th e  d isease  a r e  rep o rte d .
15 The E x tra c t io n  of Apple Ju ices  in the  M a n u fac tu re  of Jelly .  Fellers, 
Carl It. 35 p. Ju n e ,  1928.
T his  in v e stig a tio n  w as a n  a t te m p t to  es ta b lish  c e r ta in  p r in c ip le s  le ad in g  to  g re a te r  
econom y in  p ro d u c tio n , a n d  p ro v id in g  a  so u n d er bas is  fo r  th e  h ousew ife  a n d  com ­
m erc ia l p re s e rv e r  fo r  th e  m a n u fa c tu re  o f  a  u n ifo rm ly  h ig h  q u a l ity  p ro d u c t. In  
g en e ra l, tw o  sh o rt (15 -m in u te ) successive e x tra c tio n s  w e re  d es ira b le  in  o rd e r  to 
ob ta in  a n  o p tim u m  y ie ld  o f  ju ice  c o n ta in in g  sufficient p ec tin  a n d  ac id  to  g ive s a tis ­
fa c to ry  yields o f  h ig h  q u a lity  je lly . W hen  on ly  one  e x tra c tio n  o f  th e  f r u i t  w as 
m ade th e re  w as a  se rious  loss in  je lly  y ield . L o n g  e x tra c tio n  perio d s  w ere  u n s a tis ­
fa c to ry  because  o f d e s tru c tio n  o f th e  je lly in g  po w er o f  th e  p ec tin . T h e  b es t re su lts  
w e re  o b ta in ed  w ith  a  ra t io  o f  1 1/2 o r 1  p a r t  o f f r u i t  to  each  p a r t  o f  w a te r  added. 
A n e x tra c tio n  te m p e ra tu re  o f  212° F . w as  fo u n d  m ost econom ical an d  effec tive . 
R ed  A stra c h a n , R ed S ib erian  C rab , K in g  D avid , W in esap  a n d  M cIn to sh  w ere  am o n g  
th e  m ore  su ita b le  v a r ie tie s  fo r  a p p le  je lly  m a n u fa c tu re . T h e  d ev e lo p m en t o f  a  
m e thod  o f  te s t in g  th e  consis tency  o f  je llies  is d escribed  a n d  th e  in s tru m e n t  p ic tu re d .
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Circulars
74 R ep o r t  of  Progress  in Tobacco Investigations. Jones,  J .  P. 8 p. 
April  1927.
T he re su lts  o b ta in ed  d u r in g  th e  firs t th re e  y e a rs  o f an  ex p e rim e n t co m p arin g  d if­
f e re n t c ro p p in g  system s fo r  tobacco a re  p re sen ted . Tobacco g ro w n  in  ro ta tio n  w ith  
(1 ) co rn  a n d  hay , (2) p o ta to es  and  onions, (3 ) co rn , (4) hay , (5 ) po ta toes , and  
( 6 ) onions, w as  com pared  w ith  tobacco g row n  every  y ea r on th e  sam e land  ( 1 ) 
w ith  fe r t i l iz e r  only, (2 ) w ith  fe r t iliz e r  a n d  m a n u re , an d  (3) w ith  fe r tiliz e r  and  
tim o th y  cover crop . T obacco g row n in co n tinuous cu ltu re  p roved  b e t te r  th a n  th a t 
g row n  in an y  o th e r  c ro p p in g  system  ; tobacco rece iv in g  m a n u re  an d  fe r tiliz e r  be tte r  
th a n  th a t  w ith  fe r t i l iz e r  only  ; tobacco w ith o u t a  cover crop  m uch b e t te r  th a n  th a t 
w ith  a  cover crop , o r  th a t g row n  in an y  o f th e  ro ta tio n s  excep t w ith  onions.
Control Bulletins
39 Contro l  of  Bacil la ry  W hite  D ia r rhea ,  1926-27. Van  Roekel, Henry. 
7 p. Ju ly ,  1927.
40 Inspection  o f  Commercial  Feedstuff's. 27 p. November, 1927.
41 Inspection of Commercia l  Fertil izers. Haskins,  H. D., W alker,  L. S. 
and  Goodwin, M. W. 37 p. December, 1927.
42 Inspection of A gricu ltu ra l  Lime Products.  Haskins, H. D., Goodwin, 
M. W. and Kuzmeski, J .  W.
43 Contro l  of Salmonella  Pu llo rum  Infection  (Bacillary White Diarrhea) 
1927-28. Hinshaw, W. R. and Sanders ,  E. F. 22 p. Ju ly ,  1928.
Meteorological Reports
457-480, inclusive. M onthly  reports  giving daily weather records with 
monthly  summaries.
Scientific C ontr ibutions
53 Physical C h a rac te r  o f  Eggs  in Relation to Hatchabili tv .  Hays, F. A. 
P o u l t ry  Science 6:196-200. Apri l-M ay, 1927.
54 The D iscoloration of C anned Cranberries .  Morse, F red  W. Jour. 
Agr. R esearch  34:889-892. May 1, 1927.
55 Solubili ty  of  Copper Sulphate ,  Malachite  and B u rg u n d y  Precipitate 
in A m m onium  H ydroxide ,  C arb o n a te  and Bicarbonate .  Holland, E. B. 
and  Gilligan, G. M. Jo u r .  Phys. Chem. 31:728-741. May, 1927.
56 Relat ion  of Age of P a ren ts  to H a tchab il i tv ,  Livabili ty  and Fecundity 
in Domestic  Fowl. Hays,  F. A. P ou l t ry  Science 7:106-115. March, 
1928.
57 Public  H eal th  Aspects of  Food  P reservation .  Fellers,  C. R. Jour.
Public  Heal th ,  17:470-475. 1927.
58 A Volum e W eigh t  S tudy  of Ice Cream. Phillips,  A. W. Jour .  Dairy 
Sci. 10:232-249. May, 1927.
59 R educing  the  Cost  of  Nicotine  Su lpha te  Sprays.  W orth ley , H. N. 
Jo u r .  Econ. E n t .  20:615-625. Aug., 1927.
60 Influence of Form  and P ro p o r t io n  of Lime Used and of Method of 
Mixing on the R esu lting  B ordeaux  Mixture.  Holland, E. B., Dunbar,  
C. O. and Gilligan, G. M. Jo u r .  Agr. Research  34:677-686. April 1, 
1927.
61 Some O bserva tions on R oot and  Crown Bud F o rm a tio n  in A sparagus 
Officinalis. T iedjens,  V. A. Proc. Amer.  Soc. H or t .  Sci. 23:189-196. 
1926.
62 Some Observations on the  Response of Greenhouse C ucum ber  (Cucumis
sat ivus) to  Certa in  E nv ironm en ta l  Fac tors .  T iedjens,  V. A. Proc 
Amer. Soc. H or t .  Sci. 23:184-189. 1926.
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63 The Inher i tance  of Persistency and Its  R e la t ion  to Fecundity .  Hays,
F. A. Proc. W o r ld ’s Poultry  Congress. 1927. (3 p.)
64 Chemical H y d ra te d  Lime for the P re p a ra t io n  of B ordeaux  Mixture.  
Holland ,  E. B., and Gilligan, G. M. P h y to p a th o lo g y  17:571-572. Aug. 
1927.
65 Relation between W a te r  and  Po tash  in P la n t  P roduc t ion .  Morse, 
F red  W. Jo u r .  Agr. Research. 35:939-946. N ovem ber  15, 1927.
66 Percen tage  of S u g a r  and  S ta rch  as Influenced by P re p a ra t io n  of 
Material .  Jones,  C. P. Proc.  Amer.  Soc. fo r  H o r t .  Sci. 24:205-206. 
1927.
67 Calf  Meal Studies. 1. L a b o ra to ry  E x p e r im en ts  in the Im p ro v em en t  
of Physical Condition. II. Feed ing  E x p er im en ts  with Cooked and 
Uncooked Meal. Archibald ,  J.  G. Jo u r .  D a i ry  Science. 11:119135. 
March, 1928.
68 Relation of the A d ju s tm e n t  of Soil R eac tion  to Black l lo o t -R o t  of 
Tobacco. Doran,  W. L. Science 66:661-662. D ecem ber  30, 1927.
69 Tin Cans and Glass J a r s  as B ac te r ia l  C o n tam inan ts  in C anned Food. 
Fellers, Carl R. Amer.  Jo u r .  Public  Heal th .  18:763-770. Ju n e ,  1928.
70 Acetic Acid as a Soil D is in fectan t .  D o ran ,  W. L. Jo u r .  Agr. Re­
search 36:269-280. F e b ru a ry  1, 1928.
71 An E x p e r im en t  in T ra p p in g  C utworm s. W hitcom b, W. D. Jo u r .  
Econ. Ent.  21:592-598. A ugus t ,  1928.
72 The G row th  of Tobacco and Brow n R o o t-R o t  of Tobacco as Affected 
by T im othy  Infusions of Different Ages. D oran ,  W. L. Jo u r .  Agr. 
Research 36:281-287. F e b ru a ry  1, 1928.
73. Sex Ratios in C ucum ber  Flowers as Affected by Different Conditions 
of Soil and Light. T iedjens ,  V. A. Jo u r .  Agr. Research  36.721-746. 
April 15, 1928.
74. E lectro ly tic  A p p a ra tu s  fo r  the D e te rm in a t io n  of Copper in Insect i­
cides and  Fungicides.  Holland, E. B. and Gilligan, G. M. Jo u r .  
Indus, and Eng. Chem. 20:533-535. May, 1928.
75 Some Observations on M uta tions in Deciduous Fru its .  Dra in ,  Brooks
D. Proc. Amer. Soc. for H ort .  Sci. 24:147-148. 1927.
76 Classification of Copper Fungicides.  Holland ,  E. B. and Gilligan, G. M. 
Phy topa tho logy  18:455-458. May, 1928.
77 The Relat ion  of E n v iro n m e n t  to Shape  of F r u i t  in Cucumis Sa tivus L. 
and Its B ear ing  on the Genetic  Po ten tia li t ies  of the  Plants .  T iedjens,  
V. A. Jo u r .  Agr. Research  36:795-809. May 1, 1928.
78 Je l ly -S treng th  M easurem ents  of F r u i t  Jellies by the Bloom Gelo- 
meter.  Fellers, Carl R. and Griffiths, F ranc is  P. Jo u r .  Indus, and 
Eng. Chem. 20:857-862. August,  1928.
79 Influence of C ropping  Systems on R oot-R ots  of Tobacco. Jones,  
J.  P. Jou r .  Amer.  Soc. Agron. 20:679-685. Ju ly ,  1928.
80 The Iodine C onten t  of Cape Cod Cranberries .  Morse, F re d  W. Jo u r .  
Biol. Chem. 79:409-411. October,  1928.
81 Control of  C ucum ber  Pow dery  Mildew in Greenhouses.  Guba, E. F.
Phytopa tho logy  18:847-860. 1928.
N itra te  Accum ulat ion  un d e r  a Mulch. B eaum ont ,  A. B., Sessions. 
A. C. and Kelly, O. W. Soil Science 24:177-184. 1927.
Assimilation of Fixed N itrogen  by Tobacco. B eaum ont ,  A. B. Science 
66:237. 1927.
M ethod of G row ing  Small-seeded P lan ts  un d e r  Sterile  Conditions. 
B eaum ont ,  A. B. and Larsinos,  G. J .  Science 66:350. 1928.
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Nitrif ication in Massachusetts  Soils. Beaumont,  A. B. Proceedings 
of the F i rs t  In te rn a t io n a l  Congress of Soil Science 3:240-249.
The C hecker-board  Method of Laying ou t  Plots. Jones, J.  P. Jour.  
Amer.  Soc. Agron. 20:400-402. 1928.
S p ray  Solut ions and  the Contro l  of Apple  Scab. Butle r ,  O. and D or­
an, W. L. N. H. Agr. Exp t .  Sta. Tech. Bui. 36. 1928.
False  Blossom. F ran k l in ,  H. J.  Wisconsin S ta te  Cranberry  Growers ' 
Assoc., 41st Ann. Rept.  1928. pp. 10-16.
The Digger W asps  of N o r th  A m erica  of the Genus Podalonia  (Psam- 
m ophila ) .  Fe rna ld ,  H. T. P roceedings U. S. Nat.  Mus., v. 71, Art.  
9, 1927. 39 p. 2 pi.
Insects :  the People and the State. Ferna ld ,  H. T. Scientific Monthly, 
Vol. 27, 1928. 13 p.
Insect  Pests in M assachusetts  Orchards .  B ourne , A. I. Mass. F ru i t  
G row ers’ Assoc. Rept.  1927.
Recent  Studies on the Codling Moth in Massachusetts .  Bourne, A. I. 
Conn. Pomological Soc. R ept  1927.
Honey  Bee Poisoning by Sprays.  B ourne , A. I. Science, October, 1927. 
O rch ard  Insect Pests of 1927: The Prob lem  of Spray  Residue in 
M assachusetts :  R a ilroad  W orm  Observations.  Bourne, A. I. Mass. 
F ru i t  Grow ers '  Assoc. Rept.  1928.
Non-gaseous Spoilage in C anned Marine Products .  Fellers, C. R. 
Univ. of  Wash. Publications in Fisheries, Vol. 1, No. 11, p. 229-238. 
Oct., 1927.
Canned Foods and the Public  Health .  Fellers, C. R. A m er Jour.  
Public H ealth  18:893-896. Ju ly ,  1928.
Some Common P o u l t ry  Diseases. H inshaw, W. R. Biennial Report,  
N o r th eas te rn  Tuberculosis Conference.
Bacillary  W hite  D ia rrhea .  Hinshaw, W. R. and Sanders ,  E. F. 
Vet. Medicine 23:219-220. 1928.
C H A N G E S  IN S T A F F ,  D E C E M B E R  1, 1926 to N O V E M B E R  30, 1928.
A ppointments .
B arton ,  Rena  L., L a b o ra to ry  Assistant,  Pomology, A u g u s t  1, 1928.
Brown, M arian  V., A. B., L ab o ra to ry  Assistant,  F a r m  M anagem ent,  March 
1, 1927.
Church, Cornelia B., B. S,, L ab o ra to ry  Assistant,  H om e Economics,  Ju ly  
1, 1928.
Clarke, Miriam K., B. A., L ab o ra to ry  Assistant,  P o u l t ry  Disease E lim ina­
tion Law, Sep tem ber  1, 1927.
Davies, E s th e r  S., Ph B., B. S., A ssis tan t  R esearch  Pro fesso r  and Head  
of D e p ar tm en t ,  H om e Economics,  J a n u a ry  1, 1927.
DeRose, LI. Robert ,  M. S., Ass is tan t  Chemist ,  Feed and Fer t i l izer  Laws, 
October 1, 1927.
Dufresne, V irg in ia  R., A. B., L ab o ra to ry  Assistant,  A g r icu ltu ra l  E conom ­
ics, Ju ly  1, 1927.
Dunlap ,  Glenn L., D. V. M., Assis tant  V e te r in a ry  Pathologist ,  Pa tho logy  
Service L ab o ra to ry ,  Ju n e  15, 1928.
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France ,  Ralph L., M. S., Assistant Bacteriologist,  B acter io logy  Service 
L a b o ra to ry ,  J u ly  1, 1928.
Fuller ,  J a m es  E.,  A. B., A, M., Ass is tan t  R esearch  P ro fesso r ,  Bacter io loy  
and Physiology, J u ly  1, 1928.
Griffiths, F ranc is  P., B. S., Research  Assis tant,  H o r t i c u l tu ra l  M an u fac tu res ,  
Sep tem ber  1, 1927.
Gunness, Christian I., B.S., Meteorologist ,  M arch  1, 1928.
Hinshaw, W illiam R „  V. D. M., M. S., Chief of  L ab o ra to ry ,  P o u l t ry  
Disease E lim ina tion  Law, Ju ly  21, 1927.
Hopkins, Elizabeth F., M. S., Seed Analyst ,  Seed Law, S ep tem b er  I, 1927.
Kelley, Joseph  L., Technical Assis tant,  C ranberr ies ,  D ecem ber  1, 1926.
Kelly, Oliver W.,  M. S., Senior Seed Analyst,  Seed Law, J u ly  1, 1928.
Kuzmeski, J .  W., B. S., Ju n io r  Chemist,  Feed a n d  Fer t i l ize r  Laws, Ju n e  
4, 1927.
Mighell, Ronald  L., M. S., A ssis tan t  R esearch  Professor ,  F a rm  M an ag e ­
ment, J a n u a r y  1, 1927.
Nelson, Pau l  R., M. S., R esearch  Assis tant ,  P la n t  and  Anim al Chemistry,  
December 1, 1926.
Nickerson, Els ie  E., B, S., Technical  Assis tant ,  H om e Econom ics ,  J a n u ­
ary 1, 1928.
Rozman, David, Ph. D., A ssis tan t  Research  Professor ,  A g r icu l tu ra l  E c o ­
nomics, Decem ber  1, 1927.
Sanders,  E llm ore  F., D. V. M., A ssis tan t  V e te r in a ry  Pa tho log ist ,  P o u l t ry  
Disease E lim ina tion  Law, Sep tem ber  15, 1927.
Sievers, F red  J. , M. S., D irector ,  F e b r u a ry  1, 1928.
Snell, Moses E., Technical Assis tant,  A gronom y, Sep tem b er  1, 1927.
Van Meter, Ralph A., B. S., Professor ,  Pom ology, Apri l  1, 1928.
tVright, Kenneth E.,  M. S., Ass is tan t  Research  Professor ,  D a i ry  M an u ­
factures ,  May 1, 1928.
Resignations.
Haskell,  Sidney B., B. S., D irec tor ,  Decem ber  15, 1927.
Hopkins,  Elizabeth F., M. S., Seed Analyst ,  Seed Law, M ay 19, 1928.
Horne, R ober t  S., B. S., Research  Assistant,  Agronom y, A ugus t  31, 1927.
Kokoski,  F ra n k  J. , B. S., Analyst,  Feed  and Fer t i l izer  Laws, May 18, 1927.
Rowley, H aro ld  F., B. S., Technical Assis tant ,  V e te r in a ry  Science, Ju n e  
30, 1927.
Prescott,  Lelia, Analyst,  P o u l t ry  Disease E lim ina tion  Law, A ugus t  31,
1927.
McFall,  R ober t  J. , Ph. D., Research  Professor ,  A r ic u l tu ra l  Econom ics ,  
June  30, 1927.
Nickerson, Els ie  E .,  B. S., Technical Assis tant ,  H om e  Econom ics ,  M ay 1,
1928.
Ostrander,  Jo h n  E., A. M., C. E., Meteorologist ,  M arch 1, 1928.
Phillips, A r th u r  W.,  A.M., Ass is tan t  Research  P ro fesso r ,  D a i ry  M anu­
factures ,  J u ly  31, 1927.
Van Roekel,  H enry ,  M. S., D. V. M., Specialis t,  P o u l t ry  Disease E l im in a ­
tion Law, Ju ly  15, 1927.
W alker,  Lewell S., B. S., Assis tant  Official Chemist,  Fe r t i l ize r  Law, Ju n e  
15, 1927.
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